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ABSTRACT 

Research findings and descriptive articles pertaining 
to media, materials, and technology (MMT) which provide access to 
education of deaf and hard of hearing children from early childhood 
through eighth grade are reviewed and summarized. An introduction 
discusses the purpose and goal of the study; the target population; 
characteristics of deaf and hard of hearing children; degree of 
hearing loss; age of onset; language of the home; sign skills of 
teachers; types of educational programs and communication 
methodologies (oralism, total communication, bi 1 ingual /bi cul tural 
programs, cued speech); and educational placement alternatives 
(self-contained classes, partial mainstreaming, social mainstreaming, 
and full mainstreaming). The report then synthesizes thp research in 
five chapters on the following areas: (1) assistive technology for 
education, including listening aids, visually based aids, and 
computer systems; (2) receptive skill development (audition and 
speech reading;; (3) English language development and refinement; (4) 
media, materials, and technology for the development and educational 
use of American Sign Language; and (5) speech development. For each 
area, existing materials, developmental needs, and criteria and 
guidelines for optimal tools are discussed. Limitations of the 
research are also identified. An executive summary is included. 
(Individual chapters contain references.) (DB) 
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National Center to Improve the Quality of Technology, 
Media and Materials: Research Synthesis 
Design of effective media, materials and technology 
for deaf and hard-of-hearing students 

Kaplan, H. Mahshie, J, Moseley, M.J., Singer, B., Winston, E. 

Executive Summary 

The purpose of this researcli synthesis is to review and sufnmarize research findings 
and descriptive articles pertaining to media, materials and technology (MMT) which provide 
access to education of deaf and hard-of-hearing cliildren from early cliildhood through eighth 
grade. The goal of the research synthesis is to use research findings and expert opinion to 
present guidelines and criteria for wliat constitutes optimal tools for this purpose. 

The research syntiiesis deals with the following areas: 

1. Assistive technology for education, inchiding listening, visually based, and 
computer systems 

2. English language development and enhancement 

3. Development and educational use of American Sign Language (ASL) 

4. Speech development 

5. Receptive skill development (audition and speechreading) 

6. Communication strategies 

7. Orientation and training to use hearing aids, assistive listening devices and 
ctKhlear implants. 

For each area, criteria and guidelines for optimal totals, critique of existing materials, 
and developmental needs are discussed. Limitations and restrictions of the rese{jrch are also 
discussed in each section. 
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The research synthesis does not include media, maverials and technology pertaining to 
pcrent education, use of interpreters, and curricular areas such as math, reading, social studies, 
science, music, art, health education, drug and sex education. Media, materials and 
technology for deaf adult learners, postsecondary instruction, vocational education, transitional 
programs, and adolescent substance abuse programs are not included. Materials to develop 
manually coded English and Cued Speech are also not included. 

The target population includes all deaf and hard-of-hearing children from preschool 
through grade 8 with prelingual and later onset of hearing loss ranging from mild to 
profound. The document is relevant to manual, oral, English and ASL communicators and 
applicable to oral, total communication, bilingiial/bicultiiral (ASL), Cued Speech, self 
contained and mainstreained programs. 

The research syntlieses were based on computer se<irches of data bases covering the 
period from January, 1981 to June, 1993, including CATS, ERIC, Dissertation Abstracts, 
Washington Research Library Consortium, Periodical Indexes, and Newspaper Abstracts. 
Computer and manual searches of the following periodicals were conducted: Volta Review, 
American Annals of the Deaf, Journal of the Academy of Rehabilitative Audiology, Gallaudet 
Deafness Collection, Perspectives in Education and Deafness, Educational Technology, 
Educational Tecluiology Research and Development, Computer and Education Journal, The 
Computer Resource Quarterly for People with Disabilities, and other selected curricula and 
books. In addition to these sources, the syntheses draw from the research and clinical 
experience of the authors as well as contact with selected individuals, currently working with 
deaf children. 

ASSISTIVE TECHNOLOGY FOR EDUCATION 

The following general considerations for development of quality visual or auditory 
MMT for deaf and hard-of-hearing children appeared in the few documents that were found: 

1. Information should be presented in picture or graphic form whenever feasible. 
Text should be kept to a minimum. 

2. MMT should be developed that is specifically for deaf and hard-of-hearing 
children, ratiier than adapting technology developed for hearing children. 

3. MMT that schools can afford should be developed. 
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Visual Technologv 

Apple microcomputers and associated software are used in the vast majority of 
programs for deaf and hard-of-hearing children. Very few software programs, however, are 
designed specifically for deaf or hard-of-hearing children and those that are, are not 
necessarily more effective that adapted programs. Continued development of educational 
software programs for deaf and hard-of-hearing children is needed, with more use of IBM 
computers. Captioning systems need to be more user-friendly, with more open-caption 
software programs designed for use by students. Teachers report that successful software is 
characterized by the following features: 

1. A game-like format with high-resolution graphic displays to motivate students 

2. Graphic reinforcement for correct answers rather tluui word displays (eg. clown 
jumping and clapping) 

3. Positive feedback to correct mistakes (eg. "try again") 

4. Minimum amounts of text 

5. All auditory features accompanied by visual comjxwents (eg. grapliic display) 

6. Menu-driven programs should to les.sen the need for adult involvement 

7. Extensive use of visual prompts 

8. Foolproof keying so tliat hitting the wrong key will not cause the program to re- 
boot or exit the document 

9. Flexibility so that the s<mie program can be used for a variety of subjects and at 
different levels of difficulty. 

10. Modifiability of programs (eg. ability to add specific vcKabulary) 

Use of computer assisted notetaking as an educational tcxil for large group applications 
where notes are being projected onto a screen should be increased. More word processing 
programs are needed with large foiu sizes and the ability to change sizes and fonts. User- 
friendly keylxiard expansion software programs, quieter keyboards, quieter overiiead 
projectors, and overhead projectors that work well when the lights are on are also needed. 

Increased use of interaoii\e video is desirable. Additional captioned educational 
videodisc programs should W dfvolopod using ninltiniedia cnvironnu'iits. Digital equipment 
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needs to be made available at affordable prices, including tools for creating multimedia 
captions. 

Auditory Technology 

Induction loop systems are being used in educational settings, but are limited by 
spillover problems. Oval Window Audio has developed the 3-D Induction loop system to 
minimize this problem. Development of such innovative products should continue. Standards 
for induction loop systems and hearing aid telecoils are needed. 

FM systems are the most widely used auditory technology used in education. They 
should contain the following features: 

1. Individual controls for adjusting frequency response and output of system. 

2. Auxiliary microphoiie input capabilities for movie projectors, multiple 
microphones, and other sources. 

3. Binaural reception 

4. Easy to see and read low battery indicators 

5. A switch allowing for selection of environmental micropiione alone or teacher's 
microphone alone. 

6. Directional microphone for the teacher 

7. Voice-activated microphone mixing system for multiple speaker situations 

8. Ability to switch between carrier frequencies on both receiver and transmitter 

9. Automatic recharging and shut-off capabilities wiien in f!.'^ storage/charging unit. 

10. Ability to operate with a disposable 9-voli as well as a rechargeable battery. 
Soundfield amplification systems have been found to be useful in the classroom as 

supplemental listening systems to enhance the signal/noise ratio. Tliey can be used for 
hearing, hard-of-hearing, and learning disiibled children and are significantly less expensive 
than individual FM units. However, they cannot guarantee the fidelity provided by the 
personal FM system, whicli should be the technology of choice f .ir children with severe to 
profound hearing loss. 
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RECEPTIVE SKILL DEVELOPMENT 

This synthesis deals with deaf and hard-of-hearing children. Not included are children 
with central auditory processing disorders, auditory learning disabilities, deaf-blindness or 
other disabilities in addition to deafness. 

Although review of the literature revealed essentially no research data on guidelines 
and criteria for MMT, there was a considerable amount of discussion based on expert opinion. 
The following discussion and recommendations are based largely on this expen opinion. 
Auditory Skills 

Auditory training programs should include activities to-develop skills in the following 
areas: detection, localization, selective attention, memory/sequencing, discrimination of 
suprasegmental and segmental speech features, closed-set and open-set identification of 
speech and environmental sounds, comprehension, figure-ground skills, voice monitoring, and 
use of suprasegmental information. 

Both analytic and synthetic activities should be included, but the tcKus should be on 
language based activities using rwil life situations. Auditory tr.uning activiiies should be 
integrated with language training, speech production and speechreading. Some activities may 
be unimodal but audiovisual integration should be a priority. Discrimination training, 
especially activities using non-linguistic materials, should be minimized. 

All activities should be interactive, meaningful, intrinsically rewarding, provide tor 
individual adaptation, and allow for expansion and remediation strategies, as needed. 
Curricula and programs should include assessmem piwedures and provide individual 
programming. 

All auditory training activities are predicated on the projier use of hearing aids. 
Therefore, all auditory skills curricula should include hearing aid orientation activities which 
teach parents and children realistic expectations of their hearing aids, how the hearing aid 
functions, proper use and care, ability to perform dail> visual and listening hearing aid 
checks, and ability to troubleshoot malfunctions. 

Similarly, cuniciila need to include orientation lo assistive listening systems, 
particularly FM. There is a need to incorpov;ite objectivos aiui activities into sciux-d curricula 
and a need for studies evaluating the heiierits ol such tiaiiiiiii:. 
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Although most schools for deaf and hard-of -hearing children have developed auditory 
skills curricula, several of which have been disseminated, for the most part these curricula use 
an analytic, bottom-up approach. There is a need for synthetic, language and situation based 
iJrograms suitable for natural conversational or language experience approaches in the 
classroom, using materials that are suitable for the language competence and interests of a 
wide range of children. Simulated or actual real life situations need to be utilized to a much 
greater extent than currently exists. 

Although most auditory skills curricula contain hearing aid orientation objectives and 
activities, there is a notable absence of orientation and training materials for assistive devices 
and cochlear implants. Only one comprehensive cochlear implant curriculum for adults 
(Cochlear Corporation) was found and this is not readily available to scluxils. Aural 
rehabilitation is essential to the successful use of the increii^ii.g luunbers of cochlear implants 
being fitted to deaf children. Comprehensive training programs incoiporating orientation 
activities, top-down and bottom-up auditory and audiovisual training integrated with speech 
production activities are needed. Of particular imponance are materials to help families and 
children develop realistic expectations of the benefits of cochlear implants. 

Voice telephone and TTY training involve auditory skills, speech production, language 
skills, communication strategies, use of assistive devices, and infonnational counseling. 
Although several curricula have been developed for adults, only one progrcini for elementary 
school children has been identified. This program does not contaiti speech production 
activities nor instruction in use of third party relay systems. Telephone training curricula, in 
print and interactive video fonn, are needed for children. 
Speechreading and Communication Strategies 

Speechreading programs for children should also be primarily language based, using 
meaningful real life experiences. SiJeechreading should be integrated with auditory, receptive 
and expressive communication strategies training. Programs should include training in 
assertive behavior and conversational strategies. Although several top-down curricula have 
been developed and disseminated by the Pre-college programs at Gallaudet University, there 
is need for additional curricula incorporating a synthetic, interactive, integrative focus. 
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Connective discourse tracking is an excellent activitity for developing speechreading, 
audiovisual, and conmunication strategies skills. It can also be used to improve speech 
intelligibility. There is need for development of age and language appropriate tracking 
materials for children. 

Interactive videodisc technology can be used for auditory skills, speechreading, and 
communication strategies training. It is interactive, highly motivating, can provide immediate 
feedback, and can individualize instniction by tailoring stimulus presentation to the child's 
responses. Tye-Murray and colleagues have developed several videodisc programs for 
children which contain both analytic (bottom-up) and synthetic (top-down) programs. There 
is need for additional programs which focus on real life situations. Much of the printed 
curricular materials, including tracking activities, can be adapted to video tecliiiology. 
ENGLISH LANGUAGE DEVELOPMENT AND REFINEMENT 

In order to effectively use the linguistic ccxie of English, the language leiinier must 
have knowledge ai;d expertise in the areas of: 

1. Semantics or meaning (eg. vcKabulaiy, figurative or iionliteral language) 

2. Syntax and morphology (word order/grammatical information) 

3. Phonology (sounds) 

4. Pragmatics or the appropriate use of language. Tliis includes the ability to get or 
give information, use the conventions of conversations such as initiation or 
termination of a *opic of conversation, and provide sufficient infonnation to a 
conversational partner to assure understanding of the message (taking the 
perspective of the receiver). 

Children learn the various aspects of language through interaction with a primary 
caretaker through natural play and daily routines. Uick of auditory input provides incomplete 
access to the form of language and may effect the ease with which pragmatic asjK-cts of 
English are learned. Children with hejiring loss need to be given coniiiuious opportunities to 
participate and use language through communicative interaction with others in their 
enviropjnent. At the same time, they may need structured assistance in refniing s|->ecific areas 
of language. 
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Materials are reviewed in the synthesis which are representative of the available 
programs currently used with deaf and hard-of-hearing children. Reading curricula, language 
materials used for teaching content information, and MMT used for training memory, 
problem-solving, inferencing, etc. are not included. 

The most commonly used materials for parent-infant work are the SKI-Hl materials 
developed at the University of Utah. The program includes screening, referral, diagnosis, 
psychosocial support for parents, and parental language facilitation skill development in the 
home. Although longitudinal research in the efficacy of this program is in process, no 
published research is available. Tlie results of needed programmatic research in the field of 
language development of deaf children should play an active role in the development of new 
materials. 

Programs for school-age de<if and hard-of-lieariiig children tend to focus on a 
structural approach to written Engli.sh in contrast to tlie focus on natural verbal language at 
the preschool level. Teacher emphasize specific skill areas, panicularly syntax and grammar, 
at the school level. The Apple Tree program is reponed to be widely used as an instructional 
language guide. Few programs in the areas of vocabulary and figurative language have been 
designed for children witii hearing loss. 

Programs to teiicli semantics are needed wliich are tlexible in terms of complexity, 
cultural differences, interest level, and current experience. Children should not be expected to 
master many different figurative expressions in a shon period of time. 

Computer assisted instruction (CAl) is being used for drill, practice and tutorials. In 
addition, it can be used for simulation of real life situations, problem solving activities, 
exploration and discovery activities, and instructional games wiiich shaipen note-taking 
abilities, ability to follow directions, hyixithesis testing, and cause-effect relationships. 
Videodisc technology and hypemiedia learning which uses materials that access multiple 
senses, facilitate language prograinniing. Several interactive computerized programs for 
children loss are reviewed: 
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1. ALPHA system which emphasizes exploratory learning. Tlie child is able to 
initiate communication with a teacher about a topic of interest. 

2. Programs at the Califomia School for the Deaf at Riverside designed to improve 
students' understanding of language structures, improve skills in sequencing 
events, and build vocabulary. 

3. The ENFI (Electronic Networks for Interaction) gives deaf students at Gallaudet 
opportunities to use written English in different ways by engaging in real-time 
computer dialogues. 

Following are recommendations for future development of MMT for English language 
development of children with hearing loss: 

1. There is little definition in the literature nor understanding of the best way to 
develop English in deaf and hard of iiearing children. Therefore, program 
developers need to work closely with researchers to identify the most important 
elements and ways to use MMT. 

2. Programs need to identify the model on which they are based. 

3. ' Evaluation procedures need to be built into programs. 

4. Programs should be broad in scope ratlier than limited to only one aspect of 
language. 

5. Focus should be on a conversational-interactive-fiinctional approach in which 
children are involved in dynamic communication. 

6. Age and interest-appropriate materials are needed, including materials representing 
experiences specific to deaf cliiidren and reflecting cultural difference^;. Materials 
need to reflect a range of developmental levels. 

7. Materials need to be integrated into the regular cuTticulum and classroom 
activities. 

8. MMT for children with hearing loss should rely heavily on visual input. 

9. Programmed instruction at the written level should maximize interaction. 
Network based programs facilitate social interaction. 

10. Most technological programs are being used with scliool-age children. MMT are 
needed for younger cliiidren. 
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11. Programs should be designed to be modifiable over time to reflect new insights 
into language development. 
MEDIA, MATERIALS, AND TECHNOLOGY FOR THE DEVELOPMENT OF ASL 

This section reviews existing media, materials and technology related to the teaching 
of ASL to children with hearing loss. MMT related to English signing systems. Cued 
Speech, and the use of sign language interpreters in education are not included. 

There are materials that teach ASL to non-native users as a second language and other 
materials that teach English as a second language to students already proficient in ASL. 
However, there is a dearth of curricula, media, materials and technology for developing ASL 
as a first language. The document "Unlocking tlie Curriculum: Principles for Achieving 
Access in Deaf Education" proposes a model for teiicliiiig ASL iis a first language during 
early childhood and later teaching English as a second language in written form. Early 
communication occurs exclusively through sign language, with literacy in English occuiTing 
during later childhood. Students leani to speak and speechretid at the time they develop 
English literacy. MMT that are recommended as part of this model include: 

1. Videotapes for sign language training directed toward both parents and children 

2. Print materials for reading readiness, reading and writing 

3. Companion print and captioned video materials to accompany standard grade level 
content sources 

4. Video materials on deaf people and their way of life 

5. Print and non-print materials for teaching English as a second language 

6. Print and non-print materials for teaching ASL ans 

7. Interactive videodisc -computer technology for tlie provision ol' comparative ASL 
and English passages. 

Although three bilingual-biciiltural programs (ASL as a tnst language) exist in the 
United States, it is too early to tell if they are proving any more successful than other types 
of educational programming. More program evaluation is needed. 

Tlie most promising materials to date are those using interactive video learning and 
videotape series that attempt to develop all aspects ol' ASL. not merely lists of vcKabtilary. 
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The most effective materials are those that encoiirdge hueraction with users of ASL, either 
between aduh language users and deaf children or between deaf children themselves. 

Materials and tecluiology that encourage family members to interact with adult 
language models are needed. Videotapes and interactive computer programs for home use 
should focus on whole language learning rather than only vocabulary, and should provide 
information to hearing family members about how to get a deaf child's attention, how to 
interact visually, and how to recognize stages of ASL acquisition in their children. The use 
of interac:,ve video-conferencing technologies may make it possible for deaf children to 
acquire ASL from native signers more effectively. 

SPEECH PRODUCTION TEACHING 

Sensory information plays a key role in speech acquisition by permitting development 
of models and providing feedback to tnediate speech change. For many deaf children, 
audition is too limited to be adequate as tiie primary source of feedback; they require 
alternate sensory infomiation. Although studies examining the overall efficacy of existing 
computer-based speecii teaching systems suggest tiieir use contributes to speech improvement, 
more studies are needed to compare their use to more traditional approaches (eg. Ling). 

A promising aspect of computer-based systems is their potential for independent drill 
and practice. This is important for many school programs because of reduced class time for 
speech development activities. While home use is an imponant application of these systems, 
safeguards must be taken to limit development of inappropriate speech behaviors resulting 
from drill and practice of incorrect patterns. 

Tactile devices have been found useful for teiiching prosixlic prtxiuction features such 
as intonation. Additional wearable devices need to be developed and evaluated as aids to 
speech monitoring. 

Existing curricular texts, media, and supptinive materials based on the Ling model 
need revision to incor|X)rate our current understanding of speech learning by deaf children. 
Alternative or modified approaches to speech teaching with curricula, paniculariy those based 
on more top-down, synthetic, language-based teaching strategies, need lo be descril->ed and 
developed. 
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Current technologies focus primarily on suprasegmentals and vowel production or on 
elicitation, automation, and some degree of generalization of targets. Speech teaching devices 
are needed that focus on consonant production and facilitation of linguistic use. Current 
systems are limited in the availability of cues used for development of carryover of skills 
taught; greater flexibility in presentation of cues is needed. 

Results of needed basic research on the value of different forms of feedback need to 
be incorporated in speech traming devices. Although provision of feedback is the primary 
feature of many devices, in most cases they lack flexibility in controlling feedback 
parameters. Basic evaluation of tactile and visual feedback devices is needed to determine for 
which speech skill areas each type of system is most useful. 

More clinical efficacy studies on commonly-used conunercially available systems are 
needed, including efficacy of programs using combinations of existing technologies. Such 
studies should be child-centered rather than device-centered, since sj^eecli prcxluction training 
needs vary with individual children. 
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National Center to Improve the Quality of Technology, 
Media and Materials: Research Synthesis 

Design of effective media, materials and technology for 
deaf and hard-of-hearing students 

Introduction 

Hearing loss of any degree can impact oral and written language skills, with 
consequent social, emotional, and academic difficulties. N4ost deaf and hard of hearing 
children have intact nervous systems and cognitive abilities. It is possible to lessen the 
effects of hearing loss with early and appropriate intervention in the following areas: 
language development (English and/or American Sign Language); hearing aids and assistive 
technology with proper orientation to their use; speech development; auditory skill 
development; sijeechreading; and use of communication strategies. Communication strategies 
are behaviors that people can use to prevent anticipated communication difficulties or resolve 
communication breakdown when it occurs. Although development of normal English 
language skills and subsequent academic success are difficult tasks for most deaf and hard of 
hearing children, these goals can be facilitated if early api)roprialate intervention occurs 
(Lenneberg and Lenneberg, 1975; Ling and Ling, 1978) The Education of Alt Handicapped 
Children Act (P.L. 94-142) and the amendments of 1986 (P.L. 99-457) mandate basic levels of 
educational and management services for all children with special needs from binh through 
age 2 1 . 

P urpose and Goal of Research Synthesis 
The purpose of this research synthesis is to review and sutnmari/le research findings 
and descriptive ailicles peiiaining to media, materials and technology (MM'I') which provide 
access to education of deaf and hart! of heaiiitg children stalling in caily childluHKi. The 
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synthesis has been commissioned by staff of the National Center to Improve the Tools of 
Educators (NCITE). 

The goal of the research synthesis is to use research tlndings and expert opinion to 
present guidelines and criteria for what constitutes optimal tools to provide access to 
education for deaf and hard of hearing children. Hopefully this information will provide the 
basis for development and/or improvement of such tools so that academic and social 
education becomes more accessible for children with hearing loss. 

In addition to guidelines and criteria, the syntliesis discusses how well existing MMT meet 
guidelines, how they miglit be modified, limitations of the state of the an, and areas in wliicli 
new development is needed. 

The research synthesis deals witli tb.e following areas as tliey penaiii to deaf and hard 
of hearing children: 

1. Review of assistive technology for education, including lisiening, visually based, 
and computer systems. 

2. English language development and enhancement 

3. Development and educational use of American Sign Language (ASL) 

4. Speech development 

5. Receptive skill development (audition and speechreading) 

6. Conmuinication strategies 

7. Orientation and training to use hearing aids, assistive listening devices, and 
cochlear implants. 

For each area, criteria and guidelines for optimal tools, ciitique of existing materials, 
and developmental needs are discussed. In addition, each section includes discussion of 
limitations and restrictions of the research and citation ol daiabases accessoti in the literature 
search. 

The research synthesis does not include media, materials, ami lechiiology peilaining to 
parent education, use of interpreters, and curricular areas such as math, re.nhng, social 
studies, science, music, an, health education, drug anti sex educ;ition 'I he ;iges of the deaf 
and harti of hearing children addressed in the (.iocuinent range fioni pieN^luiol to grade X. 
Therelore, media, materials and technologv t'oi (K-al adiili leaincis. pdsisiviiiuiarv nisinieiioii. 
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vocational education, transitional programs, and adolescent substance abuse are not included. 
Although materials to develop American Sign Language are included, manually coded English 
and Cued Speech are not. Perhaps future synthesis can deal with these content areas. 

Target Population 

Incidence 

According to Flexer (1991), deaf and hard-of-hearing children, including all degrees of 
hearing loss from mild to profound, constitute one of tlie largest populations requiring special 
services within the schools. She reports 66,000 educationally handicapped children in the 
United States with moderate, severe, and profound bilateral losses. The numbers increase 
significantly when children with mild bilateral hearing loss are included. Various prevalence 
rates of deaf and hard of hearing children have been cited in the literatin-e. Freeman et. al. 
(1981) and Rodda & Grove (1987) report rates of chronic cliildliood hearing loss from .1 to 
.2% of the general population. Hallahan, Keller, and Ball (1986) report prevalence rates for 
states from .09 to .35% of all students, with a mean of .19%. Demographic data indicate that 
the incidence of profound congenital deafness has been estimated at approximately .1% of all 
births, and the number of schcx)l-age hard of hearing children has been estimated at 1.6% of 
the school population (Ross, et al. 1991). Ross, et. al. believe that prevalence rates are higher 
because these figures do not include those children with very mild or unilateral hearing 
losses. The variability of reponed prevalence and incidence rates probably reflects 
differences in the definitions of "deaf", "hard of hearing", and what constitutes hearing loss. 
In addition, many of the prevalence figures do not include nniltiply disabled children for 
whom hearing loss is a secondary disability. 

Characteristics of deaf and hard of hearing children 

Definitions 

Although complete agreement as to definitions of the terms "deaf" and "hard of 
hearing" does not exist, the definitions discussed in the following paragraphs have been 
accepted by the luajority of the deaf coinmunity. Those dofmiiioiis are used in this research 
svnlhcsis. 

1 
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The terms are used differently in a cultural sense compared to medical or audiological 
use. Culturally Deal' people consider themselves to be members of a Deaf community which 
may also include hearing people who support the goals of the community. All culturally 
Deaf people have some degree of hearing loss, but the loss may be profound, mild to 
moderate, or even unilateral. Culturally Deaf individuals communicate visually through the 
use of sign language and share a variety of interests, experiences and backgrounds. The 
majority of these individuals were born with hearing loss or acquired it early in life (Schein, 
1989; Baker and Cokely, 1980). 

A deaf individual in the medical or audiological sense is one who experiences 
significant difficulty understanding speech tiirough audition alone, wiiii or without 
amplification. The deaf child's primary mode of coninuinication is visual involving 
speechreading, sign language or both. Audition functions as a supjion siMisc (Ainoii, 1981; 
Schein, 1989; Ross, et al., 1991). The labels "deal" anil "hartl of hoaving" should not be 
applied based solely on the audiogram. A child with a piofouutl hearing loss may function 
either as a deaf or hard of hearing person. 

A hard of heat ing individual is someone who has developed basic communication 
skills primarily through the auditory cluiiuiel; audition serves as the prinniry communication 
mode, with vision used as a suppon sense. Most hard of hearing cliiKlreii have more residual 
hearing than deaf children and can benefit to a greater degree from amplification in the 
understanding of speech. The vast majority of hard of hearing children, however, can benefit 
from training in speechreading, comnumication strategies, aiulitory skills, speech and/or 
language in addition to amplification to communicate elTectivcl) tlirt)iigh a spoken language. 

There are some children who camioi be neath categciri/.ed as ileal' or hard o\' hearing. 
They may function prinuuily through autlition in soinc suikiuous (eg il!si.iission ot a known 
or restricted topic), but depend primarily on \ isuin kn mlk-i comnuinicaiion situations. 
Although educational needs tend to differ depeiuling on wlieiher a chiKl functions as deaf or 
hard-of- hearing, all children need to be evahiatetl as iiuli\ idiuiK in the ile\elopment of 
educational plans. 

The term "iK-aring inipaired" is used In some people lo lue.m liaul ol heaimg 
Otliers u^e the term in a generic seii^e to nioliKle all vUvneev ol lieaini;! loss Because ol the 
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lack of agreement about the meaning of tliis term and because tlie deiif and hard of hearing 
communities considers it objectionable, tlie term "iiearing impaired" will not be used in this 
research synthesis. 

Prelingually deaf or hard of iiearing children are those who have acquired hearing 
loss before attaining fluency in the spoken language of the home, between two and three 
years of age (Schein, 1989). Tlie hearing loss may be present at birth (congenital) or acquired 
sometime after birth. Those children who acquire their hearing losses after attaining basic 
fluency in spoken language are considered po.stliiigually deaf or hard of hearing. Prelingually 
and postlingually deaf children may have identical audiograms, but often have distinctly 
different needs and function very differently. According to a national survey published by the 
American Annals of the Deaf (Scliildrotli & Hotlo, 1993) 94% of 32,000 children in the 
United States with hearing loss acquired their losses before age three. 
Degree of Hearine Loss 

There has been some attempt to evaluate the effect of degree of hearing loss on 
communication and academic achievement. Karcliiiier, Milone, & Wolk (1979) reported that 
degree of hearing loss strongly influences type of educational placement, speech intelligibility, 
use of amplification, and the particular communication methcxl the student is likely to use. 
They found that 86% of a group of children with hearing losses of 70 dB or less were judged 
to have intelligible speech as compared to 55% of another group of children with losses 
between 71 and 90 dB and 23% of a third group with losses above 90 dB. .lensema and 
Trybus (1978) conduced a survey of deaf and hard of hearing children and reported that as 
degree of hearing loss increases, use of sign language increases, speech intelligibility 
decreases, use of amplification increases e.xcepi for those with the most severe losses, and 
residential educational placements become more common. Expressive language in most cases 
took the form of speech up to a 70 dB loss; above 70 dB expressive communication was 
primarily through speech and sign language or sign language alone. 

Several studies have reported decrease in academic achievement with increase in 
degree of hearing loss (Davis, Shepard, Slelmacltowicz, & Gorga, 1981; Quigley & Tlioniure, 
1968). In a later study, however, Davis, l-:ifonhein, Sehmn & Rentier (198(0 correlal-vl degree 
ol hearing loss and ediicalioiuil peilormantv loi- eliiUiieii wiili various d(.--.:!i'es of liearinu loss 
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and concluded that degree of hearing loss alone cannot be used as sole predictor for academic 
performance. Musselman, Lindsay & Wilson (1988) examined the effects of hearing loss, age, 
intelligence, type of educational program, and type of communication in the home on 
language and academic achievement. In contrast to the findings of Davis et al (1986), they 
found degree of hearing loss to have the most signifcan? correlation with language and 
educational achievement. 

The literature suggests that although a clear relationship between degree of hearing 
loss, communication skills, and academic achievement exists, other factors seem to influence 
these relationships. 
Age of Onset 

Most children witii congenital and acquired prelingual iiearing losses of 70 dB or 
greater experience delays in acquiring receptive antl expressive English hingiiage skills. 
Speech and Englisli language skills of children with less severe losses depend on the degree 
of hearing loss and the age at wiiich use of amplification and language training began. 
Speech and English language development of children with postlingual onset of iiearing loss 
depends on degree and configuration of hearing loss, how soon after onset of loss intervention 
began, developmental level at time of hearing loss, and type of intervention. English 
language skills of children who had acquired fluency in spoken languaLie before acquiring 
hearing loss generally do not deteriorate, but speech frequently becomes less intelligibh 
because of inadequate auditory feedback (Johnson & Evans, 1991). 

Deaf children of deaf parents who use American Sign Languaei* (ASL) as their normal 
mode of communication tend to progress through stages of acquisition of ASL in the same 
manner that hearing children progress through stages of spoken language acquisition. Such 
children may show delays and difficulties with the development of English, but it is incorrect 
to assume that general language problems exist. These children frequently come to school 
with a well fonned ASL language base which may be used to help develop English skills. 

Few studies iuivo specifically examined the effects of onset of Iiearing loss on 
educational pertbrmaiice. Allen and Osboru (1984) compared reading comprdiension scores 
of students who had incurred hearing loss before age throe with others who luid lost Iiearing 
after age throe. Separate comparisons were made for deaf children who were niainstreamed 
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and for deaf children in self-contained programs. Scores of the postlingualiy deafened 
children were higher than those of the prelingually deafened children within the mainstream 
educational settings. However, the prelingually deaf children scored higher than their 
postlingualiy deafened counterpans in the self-contained classes. Apparently, age of onset as 
a predictive variable was confounded by type of educational program. Funher research is 
needed to isolate age of onset as a predictive variable . 
Language of the Home 

The majority of deaf ciiiidren are born to iiearing parents who, in tiie United States, 
use English as their native language. Even wlien hearing parciits use sign language in the 
home, most signs are in English form. There are, however, a small group of deaf children 
who are bom to deaf parents, most of whom use American Sign Language in the lionie. 

Much of the researcli since ilie I960's docuiiieiu-< that deaf cliildieu of deaf parents 
perform better than deaf children of Iiearing parents in academic achievement and emotional 
adjustment (Moores, 1987; Quigley & Kretschmer, 1982; Sclilesinger, 1986; Weisel, 1988). It 
is not clear, however, whether this difference is attributable to mode of comnuniication, 
hearing status of the parents, degree of hearing loss, age of onset, or age at intervention. 

Vernon and Koh (1971) compared the written language skills and overall academic 
achievement of three groups of deaf children: deaf children of deaf parents with no preschool 
training, deaf children of hearing parents witii no prosciiooi training, deaf ciiiidren of hearing 
parents with preschool training. 'i1icv found that the children of deaf ixnents scored higher 
than the two groups of children with iiearing parents. Vernon and Koh concluded that the 
children's early exposure to American Sign Language resulted in high academic achievement. 

Contradictory results were found by Brasil and Quigley (1977). They compared 
academic performance and English linguistic skills of two groups of deaf adolescents from 
total communication progiams. The group wiiose ixuents used maiuiaily coded English (signs 
in English format) in the home scored higiier tiian tiie group whose parents used American 
Sign Language. There was no discussion in the study of whether both sets of parents were 
equally competent as signing inocieis. 

Corson (1973) compared liie reading and wiitiiig skills of four gunips of deal' ciiiidren: 
Ciroup one iiad deal' I'.aienis and used m'mi ianyiuu'e ai lionie; (iiouji I\ko had iieariiii' parents 
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and used sign language at home; Group three had deaf parents and used oral communication 
at home; Group four had hearing parents and used oral communication at home. The first 
two groups attended total communication programs; groups three and four attended oral 
programs. Results indicated that the children of deaf parents outperformed the children of 
hearing parents regardless of the mcxle of communication in the home or the type ot 
educational program. Apparently the use of sign language in the home is not sufficient to 
explain the academic superiority of dejif children of deaf parents. 

Apparently, the specific language of the home and the specific educational 
methodology are not the sole factors responsible for differences in educational performance of 
deaf children. Weisel (1988) found tluit deaf children with two deaf parents "showed higher 
levels of reading comprehension, were better emotionally adjusted, had better self images and 
were more motivated to comnumicate with both hearing and hearing-impaired people" as 
compared with deaf children having two hearing paienis. He suggested that the educational 
superiority of the first group of deaf children may be attributable to the early and continuous 
exposure to sign language and a difference in "family climaie" present in the homes with deaf 
parents. 

Research data suggests that adjustment and attitudes of the family to the hearing loss 
and the quality of communication in the home are the primary factors responsible for superior 
educational achievement of deaf children. E<isy coinfoiiably communication with a deaf child 
facilitates development of a rich knowledge/experience base which is a significant factor in 
reading readiness. A delayed, impoverished experience base is a major problem for many 
prelingually, severely or profoundly deaf children from hearing families. Therefore, 
intervention programs are needed to help parents accept and adjust to hearing loss and 
iTiaximize communication with their deaf children. 
Sign Skills of Teachers 

One major confounding factor in studies which evaluate linguistic and academic 
achievement of children in educational programs u^ing sign language is that many teachers o1 
the deaf do not recognize the visual needs of their sludeiils. They are not tluent signers and 
therefore cannot serve as communication models foi then cliildion. They often lia\e 
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difficulty understanding children who are fluent signers in their own classrooms (Marmor & 

Pettito, 1979; Kluwin, 1981; Woodward & Allen, 1988). 

Reading 

Although the intelligence and general ability of deaf students are not different from the 
rest of the population, reading achievement has been much lower for deaf children. Based on 
surveys carried out since 1969 by the Center for .Assessment and Demographic Studies at 
Gallaudet University, Quigley and Paul (1986) noted that upon completion of secondary 
school the average deaf student performed at the level of an average 9 or 10 year old hearing 
student (fourth or fifth grade reading level). They pointed out, however, that there are deaf 
students who have achieved reading levels comparable to their hearing peers (Quigley and 
Paul, 1989). 

An adequate internalized English language system is necessary to understand written 
English. Although deaf children have tiie same learning potential as liieir hearing 
counterpans, the considerable delay in development of English language vocabulary and 
syntax interferes with learning to read' (Quigley and Paul, 1989; .iohnson & Evans, 1991). 

Types of Educational Programs 
Connnunication Methodologies 

Oral ism 

Oral education, also called aural-oral, does not use sign language. Instead it relies on 
developing good use of residual hearing, speechreading, and speech skills through which 
students leani and connnunicate. Some programs rely more heavily on auditory skills, while 
others give equal weight to speechreading. Oral education works best wiien children have 
usable residua! ln-ai iug and when tlu lo is an existing English language base as with 
postlingual dealnoss. The goal of oral education is complete integration into hearing society. 
Disjulvantages of this approach are that many cliiklien are unable to learn a first language 
from the limited auditory cues available and that it discourages pailicipation in the deaf 
connnunily. Since l-.nglish language acciuisition is delayed and sign language is withheld, 
academic achievement is orieii seriously affected. Wiien oiai education works well, it 
ma.\iini/ev the abilii\ of ihe deal' iinli\ iihial lo cmuinunicalc wiili heal ing |ieople. 
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Total Communication 

Most of the deaf education programs today subscribe to the philosophy of Total 
Communication. Total Communication requires the use of appropriate aural, manual, and oral 
modes of communication to maximize communication in all situations with both heiiring and 
deaf people. Although it does not require simultaneous speech and signing in all or most 
situations, speech and some form of sign language is usually used sinuiltaneously. Total 
communication practitioners generally use some form of signed English in which American 
Sign Language (ASL) vocabulary is presented in English granmuitical format. "Signing in 
English" may be done in a number of ways. Ahhoiigh ASL vocabulary is usually presented 
according to the grammatical structure of English, some educational programs require that 
every English word be signed, while others omit function words such as "a", and "the", it is 
not clear how different modes of "signing English" alTeci educational outcome's. 

Proponents of Total Conmuinicaiion believe that if ciiildien consistently see English 
represented on the hands as well as seen on the lips and heard thorough amplifieti residual 
hearing, learning of Englisli language will be facilitated. English presented by the hands can 
reinforce English presenied oiai'y. 

Opponents argue that l-nglisli is not consislenth represented on the hands; it is ohen 
absent or luisrepresenied, providing confusing and conflicting signals to deaf children. 
Additionally, conversational pacing and phrasing of English is distorted. Use of selected 
grammatical features of ASL can enhance English signing but many hearing users do not 
have this knowledge and cannot adetjuaielv use the ASL systems. Atlvocaies of ASL alone 
argue that signed English systems mix features of two languages, effectively representing 
neither. 

Total Coninninicaiion piuvidcs tlexihilil), permitting the instructor to vary the type ol 
language input from situation to situation. 'I~he system works best when Total 
Coinmunicati<in is used consistently in the home as well as in the classrot)ni. 
Bilingual/bicultural (ASL) programs 

This educational appioacii is based on the premise that American Sign Language with 
its unique giammatical structure is ihe naturalh acquired language of deaf people. Thcretore, 
(.leaf children can hesi leam i Mielish as a secoiul language in wiillen i'orm using ASl. as the 
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language base and as a teacliing veliicle. This type of prog.am is being implemented in a 
number of residential schools (eg. Indiana Scliool for the DeaQ. It requires the sole use of 
ASL in all classes until children demonstrate ASL fluency; at that time English is taught in 
written form. Fingerspelling may be used from the beginning and printed rr.aterials may be 
used as appropriate, although it is unclear how printed materials are used with young children 
who do not know English. Hearing parents are encouraged to use ASL in the home to 
supplement classroom communication. Since most deaf children are not exposed to ASL in 
the home, it often requires a number of years to achieve ASL fluency. Although bilingual/ 
bicuhural programs advocate amplification, auditory training, and speech training, it is unclear 
how listening and speech skills are to be developed in children who are not continually 
exposed to spoken language. 
Cued Speech 

Cued Speech is designed to visually represent the sounds of English (or any other 
spoken language) rather than words or concepts. It consists of eight finger configurations 
denoting consonants and four hand positions around the face denoting vowels, hi running 
speech the hand cues are coailicualaied with spoken syllables. The hand cues arc designed to 
allow the speechreader to perceive differences between honiophenous sounds that would 
otherwise look identical on the lips. Therefore, the hand cues in conjunction with the 
information on the lips allow a child to clearly see every sound of spoken English. Children 
are expected to match the visual cue with the visible nioutli niovenienl and then be able to 
acquire the structure of spoken English through natural acquisition jMocesses. 

In contrast to sign language. Cued Speech is not a language, but a system to facilitate 
reception of the spoken word. It can be learned very quickly and used to facilitate English 
language development in the home and school. It does not confuse the two languageN, 
English and ASL, in any way. Cued Speech is being used in selected nuiinstreani prograniN 
around the country (eg. Montgomery County, Maryland public schools, Iniirfax County, 
Virginia public schools), but has received little attention from researclicrN and has noi 
received the suppoil of most deaf people and educators. There is a need for research cm the 
effectiveness of this system as a way of develoj^ing receiMion of sixiken l-iiiilisli 
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Educational Placeiiient Alternatives 

Self-contained classes 

Self-contained classes for de<if students, either in day or residential schools, represent 

traditional educational settings. 

Some of these programs are oral while others use some form of English signing or ASL. 
They offer highly structured programs. Students attending self-contained classes tend to have 
more severe losses than those attending integrated classes (Karchmer and Trybus, 1977). The 
children in programs using sign language tend to come from deaf or hearing families that 
stress deaf culture. Residential and self-contained day schools tend to have a greater 
availability and variety of audiologic and other support services (Kretscluner and Quigley, 
1982). They also provide a larger core group of deaf peers for interaction and will sometimes 
have deaf teachers as well. Deaf teachers tend to sign niore fluently than hearing teachers, 
thereby serving as good conummication models. 
Partial Mainstreaniing 

Partial mainstreaniing occurs when a deaf child attends some classes with iiearing 
students and otliers in a self-contained enviroiuueni, usually a resource room or one-to-one 
instruction, in some public school environments, self-contained classes for deaf students are 
used instead of the resource room. This placement is appropriate for those deaf children who 
cannot handle all of the academic material in regular education classes, but function on grade 
level for some subjects. 
Social Mainstreamin;: 

AH academic subjects are taken in a resouice room or classroom for deal children. 
The deaf children, however, are placed in regular-education classes for such activities as 
music, art and physical education; they are also given the opixirtunily to interact with hearing 
children during lunch and recess. 
Full Mainstreaming 

Wiien the deaf child is fully mainstreanied, he or she attends a local public school in 
which all subjects are taken in regular education classes with regular education teachers. 
Typically the child uses an l-M classioom amplil ieaiion s\steni nisiead of the iiersonal 




hearing aid and receives educationally related language ntanagemeiit. Some children who rely 
on sign language may be mainstreamed with the help of a full-time interpreter. 

Deaf children in any educational setting rely on vision to access educational material 
to a far greater degree than hearing children. Mainstream classrooms may not be designed to 
provide total visual access and teachers may not be trained to structure their teaching styles to 
provide sufficient visual input. Sign language interpreting, if not used judiciously, may 
compete with visual stimuli in the classrcx)m. These factors should be considered when 
mainstreaming is contemplated. 

Regardless of the type of mainstream program in which a child is placed, support 
services are needed. Services include classrcx)m amplification, speech, language, and auditory 
training, academic tutoring, amplification monitoring, and interpreting. 
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ASSISTIVE TECHNOLOGY FOR EDUCATION 



Beth Singer, M.S. 

A. Literature Search 

This research synthesis contains references found from the CATS and ERIC databases. 
CATS lists resources owned by members of the Washington Research Library Consortium 
(WRLC). ERIC is the on-line version of the databases prcxluced by tiie Educational 
Resources Information Center. ERIC includes two subfiles: Resources in Education (ED), 
from 1966 to the present; and the Current Index to Journals in Education (EJ), from 1969 to 
the present. Only articles and botiks published since 1980 are included in this research 
synthesis. The literature review for what makes ciuality media, materials, and technology 
(MMT) for deaf and hard of he aring children yielded meager results. Although many 
educators of deaf students are using MMT, little o\ tiieir work lias been documented. 

B. Visual Technology 

1. Microcomputers 

Deninger (1985) reports that 96% of state schools for deaf children use computers as 
part of their instructional programs. Seventy six percent of all deaf education programs 
(including mainstreamed settings and special classrooms) repon some instructional use of 
computers. Use of computers in school programs has likely increased since the time of 
Deninger's study. 

Much of the literature focuses on computer-assisted instruction (CAl) in the classroom. 
In fact, Braden and Shaw (1987) identify 162 references that focus primarily on the 
application of computers for educational purposes. They report that slightly more than 9% of 
those references evaluate CAI efficacy, with the majority of the research descriptive in nature. 
Braden and Shaw question whether CAI has a true positive impact on educational 
achievement in doaf children compared to alternative tt)rnis ol instruction. What they term 
"poisonous" side effects - decreased interaction among chiKhen or Ix'iween children and 
teachers - has not been addressed in the literature. 
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Despite Bradeii and Shaw's report, computers are here to stay. Even without hard 
documentation, the computer appears to be a perfect tool to use in deaf education, largely 
because it is a visual medium. Even if computers and other instructional materials are equal 
in effectiveness, there is merit in having students learn to use computers as preparation for 

entering the work world. 

Apple computers are most prevalent in educational settings, witli use of IBM and 
compatible computers increasing (Kurlychek, i^ersonal communication). Consequently, most 
educational software is written for Apple computers, although software for the IBM is also 
available. 

The ability to hear plays a small pait in being able to use a computer effectively. The 
audible beep that signals a user to an error is an example of an instance in which audition 
might be required. A software program that visually displays the audible beep is available. 
It is called SeeBEEP. This program allows the user to run standard text or grapiiics 
applications and not miss any error messages. Eacii time the computer sounds an audible 
beep, the user can choose to iiave a visual, on-line screen- message appear at the cursor 
location, or flash the entire screen. Additionally, tiie Hashing beep can be as short as .2 
seconds or as long as two seconds. This program works witii most IBM or compatible 
computers and requires DOS 3.0 or higher. It is available from Microsystems Software, Inc. 
of Framingham, Massachusetts. 

Apple computers address this situation in a different way. In the newer computers, 
(Macintosh and Apple 11 GS), the system software is designed to provide a visual cue when 
the volume coiurol is set to zero. With the older Apple lis, a visual indication could only be 
obtained if it were written into the computer software program being used. Another possible 
way of being alerted to a computer beeping sound witii Apple 11 computers is to couple the 
sound system of the computer to a tlashing light set-up (Moulton, 1993). 

The criteria that make educational software effective for a deaf or hard of hearing 
child are the s<mie as those for a successful program for a hearing child. Very few software 
programs are designed specifically for deaf and hard of iiearing ciiildren; those that are, are 
not necessarily better or more effective. 
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Ker Kurlychek, materials evaluator at the Model Secondary School for the Dejif 
(MSSD), developed and maintains the Software Evaluation Clearinghouse for Educators of the 
Hearing Impaired (SECEHl). The clearinghouse is an educational software lending- library 
with a collection of more than 600 commercially available software programs for Apple and 
IBM computers. The collection is listed in a catalog titled. Software to Go . Schools 
interested in borrowing software pay a nominal annual membership fee. There are currently 
1 10 member schools witii 45 schcx-)ls actively btmowing. Schools may borrow the software 
for up to four weeks. Teachers are asked to complete a review form and return it with the 
software (Abrams and Kudychek, 1989). From those evaluation forms, Kurlychek has 
compiled a list of features tiial make a software program successful (Kurlychek, personal 
communication). 

Tlie most frequent response from teachers was tiiat a panicular program was enjoyable 
to students. These programs tended to use a game-like tbrnuit with higii-resolution graphic 
displays. Programs designed in tills fashion motivated the studeiKs to use the software and 
thereby leani the material. Reinforcement for correct answers was provided by a graphic 
rather tiian a word. For example, a clown jumping and clapping indicates a correct response 
as opposed to merely displaying the word "correct" or "good." Similarly, positive feedback 
should be used to correct mistakes. Liirge displays of tiie word "wrong" should be avoided; 
some kind of icon encouraging the student to "try again" is preferable. 

Text should be kept to a minimum, especially for younger children. The ciiallenge is 
to make tiie instructions readable witiiout being o\eriy simple. Any auditory components of 
tile program must be nicxlified to include a visual component be it a graphic or sign la ijinatie 
display. 

Teaciiers preferred programs that displayed instructions on tiie screen and lessened the 
need for the manual. Tiiose programs require minimal adult involvement and allow students 
to work more independently. Menu-driven programs are one such example. 

Teachers and students preferred programs tiiat use visual cues to provide information 
as to wluit the computer is doing when screens ciiaiige. Depending on llio computer's speed, 
a student may luu know thai tiie computer is loading a program, processing a response, or 
displayin;: a new scu-i-u. ii is inipoiiant to inlorm the sUKlent ol' this. littVciixe programs 
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will display a message sucli as "loading", or "please wait a minute." These prompts also help 
prevent the student from indiscriminately pressing keys to get a response. In addition, a 
successful program will have foolproof keying, i.e., hitting the wrong keys will not cause the 
program to re-boot or exit the student's document. 

Teachers also liked programs that were flexible. This means the program could be 
used in a variety of subject areas with a variety of students. Teachers liked the ability to 
adjust the level of difficulty to match their students' abilities. They also reported wanting the 
ability to modify the program by adding specific vocabulary words. 

2. Captioning Systems 

Captioning is the process by which the audio track on television shows and videotapes 
is transformed into text form. Captioning can be closed or open. With closed-cai^ioning, tlie 
text is encoded onto Line 21 of the veilical blanking interval. All captioned television shows 
and videotape movies are closed-captioned. A decoder is needed to retrieve the captions and 
make them visible on the television screen. Until recently, the decoder was a separate piece 
of equipment that connected to a television. Today, all televisions at least 13 inches in size 
that are mainifactured for use in the United States contain a decoder chip, making the decoder 
box unnecessary. 

Captioning can be a very expensive process, costing from $500 to $1,000 per program 
hour. This is well beyond the budget of most schools interested in having their educational 
and training films captioned. Open-captioning is an option for these schools. A decoder is 
not necessary to view open-captioned videotapes. The videotape can be played in any 
videocassette recorder (VCR). This also allows the original videotape to be captioned in 
various ways. Open captioned educational and entenainnient films and \ ideotaix's are 
available on a free loan basis to school personal. The U.S. Depaiimeni o\ luhicatf n funds 
this program. Currently the captioned films and videos are distributed by Modern Talking 
Picture Service of St. Petersburg, Florida. 

Any pre-recorded videotape can be captioned. The equijiment needed to produce 
open-captions is a computer system and captioning sofiwaro, two VC'Rs (one to pla> the 
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original videotape and the otlier to record the open-captioned tape), a television monitor, and 
a decoder. 

There are many benefits of in-house captioning. It permits greater latitude in choosing 
videotapes and adapting them for educational use. Teachers can create captions appropriate to 
their students' language levels and reading speed. Sc1kx)1s can assemble libraries of captioned 
videotapes for everyone to share (Singer, 1991). 

Currently there are four companies that produce open-caption software for both IBM 
computers (or compatibles) and Apple computers. The companies that produce IBM 
compatible software are Image Logic (AutoCap), The Caption Center (CC Writer) and 
Computer Prompting and Captioning Company (CPC-700). Silent Software produces FastGip 
software for the Apple. These software programs are menu-driven and easy to use, even for a 
novice computer user. The Caption Center has also produced open-caplion software designed 
specifically for children. The software is called CC Schools. Research is being conducted to 
evaluate its effectiveness. Teachers at the Marie Kalzenhach School for the Deaf in Trenton, 
New Jersey, were shown a demonstration copy of the software and conink..,ed on how easy 
it was to learn and use. Harkins, 1993) 

3. Computer-Assisted Notetaking 

Computer-assisted notetaking (CAN) is a technique that uses coniiniter products to 
enhance communication access for hard of hearing people. This techniciue uses a computer 
and display to provide live notes of a meeting, lecture, or group discussion. The notes can be 
displayed on a computer screen, a television monitor, or projection screen. A transniissive 
overhead projector and projection pad are needed to display the notes on a screen to a group 
of people. The notetaker types a sunuiiary of what is being said. CAN should not be 
confused with real-time captioning, as it is not intended to provide a verbatim transcript, but 
rather summary notes. Of course, depending on the skill of the notetaker, and ihe speed at 
which a speaker is talking, near verbatim notes are possible (Virvan. 1991). 

A computer ecjuipped with a word processing program or text editor is needed to 
provide C.'XN. One advanuige of this techniciue is thai it can be nunle portable by using a 
lajitop coni|nikM II is liel|)l'ul if ihe won! punessing iimgiam can sujipon an expansion 
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software program in tlie background, such as Productivity Plus (PRD+). An expansion 
software program is a time-saving device tliat allows the notetaker to use abbreviations (i.e. 
"hoh" for hard of hearing). When the abbreviation is followed by pressing the 'Enter' key, the 
full word appears on the screen. People's names and other frequently used vocabulary can be 
pre-progranamed into the computer. So that projected notes can be read easily by a large 
group, the brightest transmissive overhead should be used. While the projection pad can be 
monochrome, it should be bright, have high resolution, and even contrast. 

CAN has become very popular among hard of hearing groups. Of 103 people surveyed 
by the Technology Assessment Program at Gallaudet University, more than 80% reported 
watcihng the notes. Everyone who watched the notes said the notes vere "very helpful" or 
"somewhat helpful." Only 20 people reponed not watching the notes at all because they 
could either not see tlie screen from their seats, could" hear the speaker well enough, or found 
the notes distracting when trying to speecluead the speaker (Virvan, 1991). 

CAN may or may not be feasible in a K-8 classroom situation. Again, no research is 
available that documents the technique's use with hard of hearing children. Educators should 
consider students' reading levels as well as the fact thai CAN does not provide a verbatim 
transcript of what is sjiid. Another consideration is the availability of a full-time notetaker 
who is skilled in processing spoken language into a written format. There are advantages to 
using CAN in the classroom. If the notes are saved and printed out, a student can get a hard 
copy of the day's lessons, allowing the student to concentrate more on what is being said 
inste-ad of trying to take notes and listen to the teacher at the same time. Several colleges and 
universities have expressed an interest in exploring CAN for their students. A university 
setting might be more conducive for this type of supfion service (Virvan, 199.'^). 

The Technology Assessment Program (TAP) at Gallaudet University and the 
Rehabilitation Engineering Center (REC) at the Lexington Center in .lackson Heights, New 
York, are collaborating on a project to test the feasibility of remote CAN tor meeting and 
lecture situations. For remote notetaking, a notetaker would provide notes without having to 
travel to the location of the meeting or lectuiv. 'i lio notetaker would hear what the speakci is 
saying through a telephone link-up. The notetakei's computer would be connected to a 
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modem so that the notes could be transmitted for display. This would address the issue of 
finding a skilled notetaker in a given kx;ale. 

Unlike CAN, real-time graphic display (RTGD) is a computer-based system tha5 
converts phonetic shorthand into print in real-time. Stinson et al. (1988) surveyed hard of 
hearing and deaf college students enrolled in classes using RTGD along with sign language 
interpreting and paid student notetakers. During lectures, a stenotypist inputs the phonetic 
shorthand equivalent of what is being said. The system converts the code to print which can 
be displayed on a television monitor, a projection screen or be printed as hard copy. 

Students reponed higher ratings of understanding with real-time text as compared to 
interpreting. The students from a mainstream educational background were more likely to 
prefer the RTGD compared to students from residential school settings. Tlieir conclusion was 
that students who are highly skilled in reading, writing and speechreading were more likely to 
prefer the RTGD over an interpreter. Stinson et al. emphasize that these students are 
proficient skilled readers. These findings funher support the idea that CAN and RTGD are 
support services requiring higher reading skill levels than those normally tbund in the K-8 
population. 

However two of the products used for CAN, the transmissive overhead projector and 
projection pad, can take on other applications in deaf education. Any computer screen can be 
displayed onto a projection screen with this equipment. This might he useful for teachers 
who want to display charts, computer meiuis, and any combination of text and/or graphics 
being used for instruction pur^ioses. 

4. Interactive Videodisc 

The advent of interactive videodisc systems in eihicaiion has allowed students to 
become active learners instead of passive learners. Interactive videoiliscs are very flexible, 
providing for random access, endless repetition, and the ability to freeze a single frame while 
maintaining high clarity. Entire movies, filmstrips, jiictures. and books can be stored on one 
disc. Information can be preseiUed a) the user's own pace and level. These cluiiactevistics 
make interactive videodisc ideal for deaf and luud of heanna suiilenis wiio often have 
difficulty mastering the interactions txivveen lan^naye and aviion. Thioipjh ilie u^e ol this 
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technology, language concepts can be represented visually (Propp, Nugent, Stone, & Nugent , 
1981; Jones, 1986; Helsel, 1988). 

The equipment necessary for interactive video are a computer processing unit and 
display monitor, a videodisc player, and an interface card to connect the video machme with 
the computer. A printer is optional. 

The Media Development Project for the Hearing Impaired (MDPHi) at the University 
of Nebraska was one of the first groups to develop, prcxluce, and evaluate videcxlisc programs 
for deaf students. MDPHl's series of discs was designed to teach language development, 
social studies, and fingerspelling. One of its first discs, "Israeli Boy: Life on a Kibbutz," 
used multimedia to include teacher guide materials, vocabulary instruction, filmstrip-type 
sequences and interactive quiz sections. Tiiis disc was evaluated with students and teachers at 
the Iowa School for the Deaf and tlie Nebraska School for the Deaf. Students reportedly had 
no difficulty using the technology, and it was concluded that videodisc v/as an effective tool 
for education (Propp et al., 1981). 

Another program, developed at the Pennsylvania State University by Prinz and Nelson 
was designed to teach literacy skills to deaf preschool children. Known as ALPHA, the 
program was originally designed as a CAl program using computer-generated animation to 
teach English grammar skills. The videcxlisc version, developed in 1987, uses videodisc 
motion sequences instead of computer generated animation to add a greater degree of realism. 
For example, ALPHA can show the difference between "cat chases ball". and "cat chases 
rabbit." Prior to interactive videodiscs, a teacher's only option would be to use a still picture 
to demonstrate this noun-verb sequence. With ALPHA, the noun-verb interactions come to 
life, eliminating the need for abstraction (Helsel, 1988). 

One major benefit of interactive video in deaf education is that it allows for biUngual 
language instruction for deaf children. American Sign Language (ASL) video can appear 
with an accompanying English language text. This is the format used with /HandsOn/, one of 
the newest videcxiisc programs to combine sign language and English. /HandsOn/ is a join! 
research venture with IBM's Thomas J. Watson Research C'enter in New York and the 
University of California at San Diego. Currently being used at the California, School for the 
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Deaf at Fremont, it allows students to go back and forth between an ASL video and English 
print version of a story. Its design is based on the premise that students work best when 
presented with options and when allowed to make their own decisions. Students can choose 
to read a story, watch a story, caption a story or review vocabulary. Results of some initial 
evaluations of the /HandsOn/ program show students answering reading comprehension 
questions significantly better after using the program (Hanson & Padden, 1989; Copra, 1990). 

Another disc developed by MDPHl was encoded with closed captions. This disc 
demonstrated the possibility of videodiscs having closed captions. Jones (1986) notes an 
advantage of captioned interactive videodiscs over captioned videotapes in relation to reading 
speed and comprehension. It is an accepted fact that one cannot read as fast as one can 
listen. Despite the push for verbatim captioning, captions are often edited to allow for a 
comfortable reading level. In an educational setting, this can resuli in oversimplification, with 
the student receiving minimal linguistic benefits. Wiien iiiieractive videodisc programs are 
used, a single frame can be frozen to. allow the student to read an entire \erbatiin caption. 
The linguistic content is maintained and the student can proceed at liis/lier own rate. 

King (1993) repons that the availability of captioned luultimedia programs remains a 
problem for deaf and hard of hearing people. More enteiiainnient than educational programs 
are captioned on videodisc. Even when videodisc progranis are closeii oajitioned, problems 
exist when they are used in an interactive environment. C^apiioiis embedded in analog video 
can be garbled or disappear temporarily or permanently when viewed raniionily. Sometimes 
the captions appear over scene changes or are out of sync wiiii the program's audio. 

King further states that despite these problems, the fuuue of video is digital, rather 
than analog. Digital audio is both relatively easy and ine.\pen><ive to create. This poses a 
major obstacle for computer users who depend on visual access ami cannot take aiivantage of 
digital audio's widespread use. King makes a case for inuliiniedia iie\ elopers to include 
captioning in their products. According to the Americans wiih Disabilities Act (ADA) of 
1990, reasonable acconuiiodaiions need to he made toi disahieil ]X"ople Second, she states 
that captioning can be helpful to more than deaf and hard ol hearing people Many speakers 
of English as a second language can read ca|ilion>< to try to iinpioxe then l-liiglisii language 
skills. C aptioniiig is also being used in mir^-um exhibits. ,iiui the new decodei chip 
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televisions can be used in bars and other noisy environments to provide access to tlie sfxjken 
word when conditions make it difficult to iiear. 

King (1993) lists tliree conditions that are necessary before captions can routinely be 
included in multimedia programs: "provision of captioning capacity within the multimedia 
environment, tools for creating multimedia captions, and extensive use of captioning 
capacities." (p. 8) 

C. Auditory Technology 

Assistive listening devices and systems (ALD) are used to increase the signal-to-noise 
ratio in difficult listening situations. Close placement of tlie microphone to the sound source 
helps to negate the adverse effects of leverberation, background noise, and distance. Tlie 
original signal is delivered to the listener's ear. Ross et al. (1982) measured noise levels in 
45 classrooms under normal conditions (i.e. cliiklreii present). 'Hk'y fouiul the average noise 
level to be 60 dB (A) with a standard deviation ot" 7 dB. This sujiporis the tact that 
classrooms can have poor acoustics for optimum listening. When a i>erson with a hearing 
loss is in this environment, the situation is even worse. Any amplification system that is 
selected for use with a deaf or hard of hearing child should provide as much as possible of 
the important acoustic speech features in the highest quality signal. 

1. Induction Loop Systems 

Induction loop systems consist of an audio powci amplifier that is coimected to a 
cable, or loop. The loop is placed arounil the perimeter of a room, or a section of a room. 
The amplifier receives the signal via a microphone, tajx' recorder, or other source. The signal 
is converted into an electrical signal, amplified, and then sent iluouiih the loop, 'fhe signal is 
transmitted in the form of electromagnetic eneip\ that can be received by the telecoil in a 
hearing aid or by a personal induction receiver. The listcnei must he seated within the looped 
area to receive the amplitied somul. 

Large area induction loop systems can be peiinaiiently iiistalleil in theaters or 
churches, or be portable for use in meeting hhiiiis or lectuie halK. Small aica nuiuction looji 
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systems are also available for use at work to loop a meeting table, or at home to loop an area 
to watch television. 

Some benefits of induction systems are that they are relatively inexpensive, and it is 
easy to use and troubleshoot. They require a minimum amount of equipment because the 
listener uses his/her own hearing aid set to the telecoil position. One drawback of an 
induction loop system is that weak spots in the loop cause the transmitted signal to be 
inconsistent in strength. Another disadvantage is that the electromagnetic signal travels 
through walls causing interference in adjacent areas with a loop. This is referred to as 
spillover. One other weakness of the system is that it does rely on an individual's hearing aid 
telecoil. Many smaller hearing aids do not have telecoils, and for those that do, it is usually 
the 'weak link' of the aid. If a person's telecoil is malfunctioning or \ve;ik, the loop will not 
be effective. 

Induction loop systems are being used in K-8 classrooms. There is no documentation 
to support their effectiveness in this situation; all reports are anecdotal. Induction loops are 
often used in communal areas such as auditoriums and large lecture lialls where spillover is 
not a consideration. 

One company. Oval Window Audio of Nederland, Colorado, lias addressed the 
spillover and weak signal problems by developing a 3-D loi^'-' system. The cables of the 3-D 
loop system are embedded in a special mat that is placed under carpeting. Because the three 
loops are oriented at different angles, the 3-D loop system provides better field uniformity, 
resulting in a constant and clearer signal. Spillover is minimal allowing adjacent rooms to be 
equipped with the 3-D loop system (Hendricks & Lederman, 1991). 

Another innovative product by Oval Window Audio is the Multisensory Sound Uib. 
It is an audio system that amplifies sound while simultaneously providing visual and 
vibrotactile displays. Sound signals from microphones, nuisical instruments, tape recorders, 
compact disc players, and other soiu'ces are processed and directed to loudspeakers and a 
specially designed vibrating floor. The floor vibrates slowly or quickly, dependii.g on the 
sound frequency. Intensity and rhythm are also perceived through the floor. There are two 
ways to visually display the signal. One is via a spectrum analyzer that displays the 
harmonic content on a color television as veilical bars, changing in location and height 



depending on the sound characteristics. The other is via a seven-foot column consisting of 
three banks of colored lights that respond to different sound frequencies and intensities. 

The Multisensory Sound Lab was created to teach tiie science of sound to deaf 
students. Other applications, for hearing students as well as deaf and hard of hearing 
students, include speech therapy, music instruction and science education. 

2. FM Systems 

Frequency modulation (FM) systems are the most versatile of all the listening devices. 
FM systems work on the same concept as FM radio waves. The Federal Communications 
Commission (FCC) has reserved the frequency band from' 72 to 76 MHz for FM use. This 
allows for 40 narrow-band channels and 10 wide-band channels. With FM, the primary 
signal is picked up by a microphone, optimally jilaced si.x inches from the intended sound 
source. The signal is then convened into an electrical signal which is modulated and 
transmitted on a radio wave to an FM receiver. The receiver demodulates the signal into an 
acoustic signal that the person can hear. FM can be used in conjunction with a personal 
hearing aid via direct audio input (DAI), a personal neckloop or with headphones. 

FM systems have many advantages. They jMovide high t'idelity gain with low 
harmonic distortion and a high signal-to-noise ratio. There is great flexibility in their 
electroacoustic fitting. The sound pressure level of the teacher's voice can be controlled. FM 
systems are portable, which allows for greater student and teacher mobility, and can be used 
indoors as well as outdoors. Spillover is not a factor with FM systems as it is with induction 
loops (Pimental, 1981, Berg, 1986). 

Many studies have focused on the frequency response of hearing aids when coupled to 
FM systems (Van Tassel, et al. 1980, Berg, et al. 198.^). Hawkins (1984) compared several 
different hearing aid/FM system combinations with nine school-aged children with mild to 
moderate hearing losses. He reports an improveineni of +12 to +18 dB in the signal-to-noise 
ratio using an FM system instead of a hearing aid alone. Hven with preferential seating, he 
noted an FM advantage. The pieferred classroom lioaving aid arrangement was binaural 
amplification with a diiectioiial micro|)hoiie. 
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Ross et al. (1982) strongly support tlie use of FM auditory trainers with all hard of 
hearing children in order to maximize their speech perception. They cite an earlier study by 
Ross, Giolas &. Carver (1973) where word discrimination scores were obtained on 1 1 hard of 
hearing students in two test conditions. The first condition was with their regular monaural 
or binaural hearing aids. Tiie second was with an FM auditory trainer. Word discrimination 
scores improved 12%-76% in the second condition. These results present a strong case for 
the use of FM in the classroom. 

Maxon et al. (1991) conducted two surveys to see iiov^ FM systems were chosen, used 
and accepted. Sample 1 was ptilled during the 1981-82 school year and Sample 2 was polled 
during the 1988-89 scluxil year. Their questionnaire had three pails, addressing school 
personnel data, attitude data and child descriptive data. Some key findings of their surveys 
showed that children and their parents were not included in the decision making process 
regarding which FM to evaluate and purchase. Once an FM system was deemed necessary, it 
was often selected by tlie school administrator based on the lowest bid submitted. 

The audiologi.st was the person responsible for adjusting the electroacoustic 
characteristics for the FM system, but not responsible for selecting and maintaining the 
system. Tiiis role of the audiologist did increase in Sample 2. 

Both satiiples repoiied that FM systems were more likely to be accepted by elementary 
school children than junior or senior high school students. One way to remedy this situation 
is to set up suppon groups, as advocated by Leax itt (1991). These groups can be valuable for 
demonstrating and promoting the use of the assistive technology. 

Maxon's survey also showed that full-time FM use declined in Sample 2 as compared 
to Sample I. Along with this, daily troubleshooting only occurred 50% of the time. This is a 
disturbing finding as breakdown can be a major reason for not accepting or using the FM on 
a full-time basis. 

It is obvious that fitting a child with an FM system does not ensure success. In an 
educational setting, much of the student's success with the device will be based on the 
teacher's ability to use the device appropriately and ci)rrectl). The eilucational audiologist 
also needs to lie well wised in the technolog\- being useil Annual iii-ser\ices were reported 
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to be insufficient by Maxon's samples. They requested more frequent training for monitoring 
malfunctions. 



3. Soundfield Amplification Systems 

Soundfield amplification refers to the use of a public address (PA) type system to 
amplify an instructor's voice in a classroom situation. Using this system, the signal-to-noise 
ratio at the listener's ear can be enhanced by +12 dB, provided the ambient noise level in the 
classroom does not exceed 60-65 

dB A (Berg, 1986). This type of auditory technology can be used with hearing, hard ot 
hearing, and learning disabled children. 

Sarff (1981) describes the N4ainstream Amplification Resoinre Room Study (N4ARRS) 
conducted on fourth, fifth, and sixili grade students with minimal liearing loss in southern 
Illinois. One objective of the study was to determine if the students' educational deficits, as 
measured by standardized achievement tests, could be corrected in a mainstream school 
program. One of the intervention strategies used to achieve this objective was a soundfield 
amplification system. Tlie soundfield amplification system consisted of a unidirectional 
microphone and a wireless transmitter worn by the teacher. A wireless transmitter receiver, a 
power amplifier, and two 12-inch loudspeakers were installed in the classrtxim. This 
treatment was compared to using the schcwl's standard curriculum in a resource room setting. 
While pre- and post -treatment scores showed both treatments to be effective, the soinidtield 
situation was more effective. 

The increase in scores was more pronounced witli the foiinh to fifth grade groups than the 
fifth to sixth grade groups. Sarff suggests that tlie use of soundfield amplification may be 
most effective in younger children. 

Some other advantages to using soundfield amplification in the classroom are that all 
children can benefit from the increased signal-to-noise ratio, not only hard of hearing 
children. Likewise,, hard of hearing children are not singled out from their hearing peers. 
Teachers also repoiled liking the system because they did not have to strain their voices to b 
heard. They said amplification lessoned their fatigue and allowed them to move aroimd the 
classroom more easih. 
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Jones (1985) also examined the effects of soiindfield amplification in kindergarten 
classrooms. In this study, groups of hard of hearing and hearing students were seated in the 
middle of a classroom. They were asketi to mark multiple-choice pictures in response to the 
words they heard from a tape recorder. The tape recorded words were presented in three 
different ways: Treatment A (from a desk in a corner of the room with no amplification 
provided). Treatment B (from a desk close to the center of the room with no amplification 
provided), and Treatment C (from a desk in a comer of the room with the sound being 
delivered to two ceiling speakers through soundfield transmission). The lowest mean 
listening percentage was obtained from the hard of hearing students in the Treatment A 
condition. This suggests tiiat listening problems can exist in kindergarten classes when 
teachers are speaking at a distance from hard of hearing students. These listening difficulties 
may be diminished by having the teacher niove closer to the students when speaking, or by 
using a soundfield amplification systeni. F£ven with preferential seating, however, only 83% 
of the original signal is received (Leavitt & Flexer, 1991). 

Although soundfield amplification has proven to be successful in specific situations, it 
would not routinely be the educational amplification system of choice. Leavitt (1991) 
cautions against using soundfield systems to guarantee reception of a high fidelity signal. 
Leavitt strongly advocates for a distance of six inches between the teacher's mouth and the 
child's ear. The only way to achieve this is by using an FM system. 

D. Recommendations 

Listed below are some general considerations when developing quality MMT for deaf 
and hard of hearing students: 

Visual - Be as visual as possible. Present information in picture or graphic fonn 
whenever feasible. Text should be presented in simple language and 
kept at a mininunn. 

Accessible - Develop MMT that is initially accessible to deaf and hard of hearing 

students, instead of adapting the technology to fit their needs afterwards. 
This helps raise awareness and keep costs down. 
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Affordable - Develop MMT that schools can afford. School budgets are getting 
tighter, not bigger. 



Listed below are some specific recommendations for developing quality MMT for deaf ^ 
and hard of hearing students: } 
Microcomputers 

- More integration of IBM computers in education 

- Include built-in visual indicators 

- Continued development of educational software programs containing the 
following features: 

- Game-like formats with high resolution graphics 

- Graphics for reinforcing correct answers 

- Graphics for positively encouraging correction of mistakes 

- Mininumi of text and text in simple language 

- Menu-driven programs 

- Visual cues as to what the computer is doing 

- Ability to be modified for use with different skill levels 

Captioning Systems 

- Develop more user-friendly, oijen-caption software programs for IBM and 
Apple computers 

- Develop more open-caption software programs designed for use by students 
Computer- Assisted Notetaking 

- Increase use and applications of existing technology 

- For large group applications where notes are being projected onto a screen, 
develop more word processing programs that have large font sizes and the 
abilhy to change sizes and fonts 

- Develop user-friendly keyboard expansion software programs 

- Develop quieter keyboards and overiicad projectois 

44 
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Develop overhead projectors tliat work well when the lights are on 



Interactive Videodisc 

- Develop more captioned educational videodisc programs ^ 

- Continue to develop ASL/English videodisc programs for bilingual education 

- Provide digital equipment at affordable prices 

- Provide captioning capability within multimedia environment (King, 1993) 

- Provide tools for creating multimedia captions (King, 1993) 

- Investigate feasibility of developing materials using CD-ROM and related 
technology (Loeding & Abraham, 1993, Lipton & Goldstein, 1993) 

Induction Loop Systems 

- Develop standards for induction \oop s\siems and liearing aid telecoiis 

- Continue to develop innovative products hke Oval Window Audio 3-D 
induction loop system 

FM Systems 

- Promote development and use of universal cord and boot systems for direct 
audio input coupling of personal hearing aids to FM system 

- Build systems to be more durable, reliable and easy to use and operate 
Ross, et al. (1982) and Leavitt (1991) suggest that FM systems contain tlie 

following; 

- Indiv idual controls for adjusting frequency response and output of system. 

- Provide auxiliary microphone input capabilities for movie projectors, multiple 
microphones, and other sources 

- Allow for binainal reception of environmental sounds 

- Easy to see and read low hattery indicators 

- Switch allowing for environmental microphone only, und teacher's microphone 
onI\ 

DiicctiiMial microphone loi toaclu'i 
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- For multiple speaker sitiuitioii, voice-activated microphone mixing system 

- Ability to switch between carrier frequency on receiver and transmitter 

- Automatic recharging and shut-off when in storage/charging unit. 

- Ability to of>erate on 9-volt battery as well as rechargeable battery 

Soundfield Systems 

- Install soundfield systems in classrooms to be used as a supplemental listening 
system 
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RECEPTIVE SKILL DEVELOPMENT 
Harriet Kaplan, Ph.D. 



This section of the reseiircli synthesis is concerned with tlie development of auditory 
skills, speechreading, and related comminiication strategies. Material is included on 
orientation to and use of technology essential to optimal use of these skills (hearing aids, 
assistive listening devices, and cochlear implants). 

The following databases, covering the period from January, 1981 to iune, 1993) were 

used for this synthesis: 

1. ERIC 

2. Disseiiation Abstracts 

3. Volta Review 

4. American Annals of the Deaf 

5. Journal of the Academy of Rehabilitative Audiolog) 

6. Gallaudet Deafness Collection 

7. Perspectives in Education and Deafness 

In addition, selected curricula and books were maiuially reviewed. 

This synthesis deals with deaf and hard-of-hearing children from preschool through 
grade 8. Not included are children with central auditory processing disorders, auditory 
learning disabilities, deaf-blindness or other disabilities in addition lo deafness. 

Although review of the literature revealed esseiuially no research data on guidehnes 
and criteria for media, materials and technology, there was a consideiable amount ot expert 
opinion. Therefore, the following discussion is based largely on e.xperi opumm, including the 
author's own experience. 
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Development of Auditoi v Skills 



Development in hearing children 

Auditory skills development in hearing children is based on three sequential and 
overlapping levels of perception (Aslin and Smith, 1988). The most basic is the sensory 
primitive level in which the child becomes aware or detects the acoustic signal. The second 
level involves development of perceptual representations; the child uses sensory patterns to 
discriminate differences between sound features. The highest level is the cognitive/linguistic 
in which the pjcrceptual representations are organized into meaningful units. This level 
involves the skills of word recognition and sentence comprehension. 

Each of these levels contains sub-categories (Laughton & Hasenstab (1993). The 
sensory primitive level includes not only awareness but also localization of the source of the 
sound, selective attention to the wanted sound, and sustained attention which allows the child 
to focus on relevant information for increasing ].ieriods of time. 
The discrimination level consists of: 

1) basic determination of whether sound is meaningful or non-meaningful, speech or 
non-speech, linguistic or enviromnental 

2) suprasegmental feature discrimination (stress, pitcli, intonation, pauses denoting 
word boundaries) 

3) segmental or phonemic discrimination 
The cognitive/linguistic level consists of: 

1) auditory memory which organizes sounds into words and words into phrases and 
sentences 

2) auditory sequencing which orders sound patterns into sentences according to 
linguistic rules 

3) auditory recognition and comprehension whicii allows ordered speech to take on 
meaning. 

Einviromnental sounds take on meaning by becoming associated with internalized actual 
events (eg. fire siren signifies a fire). 
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According to Laughton and Hasenstab (1993, p. 146), 

"Auditory learning requires the integrity and interface of sound detection, 
auditory processing, and cognition. A bre<ikdown at any of these levels will 
interfere with or inhibit auditory learning. Hearing loss negatively affects 
auditory skill development at all levels because learning for deaf or hard of 
hearing children is organized with partial or absent sound information. Without 
intervention, deaf and severely hard of hearing children may not be aware that 
objects,, actions and events have auditory characteristics and that events may be 
symbolized by spoken language. With early and intensive intervention, most 
deaf and hard of hearing children can develop higher order repre.^entation and 
cognitive/linguistic functions but skills are often delayed. Prequont!) 
speechreading and/or sign language provide pan of the necessary language 
input." 

Intervention Principles 

In order to succeed in a regular classroom, a child who is deaf or hard of hearing must be 
able to attend to a speaker and try to understand what is said. By founh grade children are 
exf>ected to function independently in the use of receptive language (listening and reading) 
and expressive language (speaking and writing) to suppon learning in the content areas. 
Therefore, the child must master the hierarchy of listening tasks described in the previous 
section on normal development of auditoiy skills. 

Training in auditory skills is an essential com]x")neiit of ail types of programs. It is 
needed by children with all degrees of hearing loss and for optimal use of hearing aids, 
assistive listening systems, and cochlear implants. Auditor) ^k\\\ dewloiiment is maximized 
when combined with speech production acti\ itie>> and oral language acciuisiiion (Paterson, 
1982; Ling, 1978; Ling & Ling, 1978). Therefore, speeeli stiimdi using linguistic forms and 
structures appropriate for the child's level of language develo]")ment should be used for 
training rather than non-linguistic sounds. Howe\o', it is appropriate to include some work 
on identification of meaningful en\ ironmental sound. 
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Early auditory training programs focused on discrimination between nonverbal sounds 
such as bells, drums, and whistles and later progressed to speech sounds and words. Tliey 
tended to exclude the more complex types of verbal conmiunication tliat children need in life 
situations. Ling (1986) stressed that discrimination training should not be a primary focus. 
Instead, real life experiences should fonn the basis of listening training. Discrimination 
activities should be used only for remediation when children are unable to succeed at 
identification and comprehension activities. 

All auditory training curricula should include activities in the areas of detection, 
localization, selective attention, discrimination, auditory memory and sequencing, closed set 
identification (limited response choices), open set identification {unlimited response choices), 
and comprehension, in addition, figure-ground activities sliould be iuchideti using a variety of 
noises, signal to noise ratios, and degrees of reverberation to simulate tlie difficult listening 
conditions of most classrooms. Children also need training to monitor their own speech 
production and to attach meaning to environmental sounds. 

Paterson (1982) stressed the need to train students to use prosodic information such as 
stress and intonation to interpret meaning. Sucli cues are available lo most profoundly deaf 
students using proper amplification. Children may be taught to differentiate between 
questions, statements and commands, to recognize difYerences in meaning conveyed by word 
boundaries and how syllables are stressed. Prosodic information also conveys affective state. 
Paterson suggests the use of role plays to teach these concepts. 

Auditory skills should be taught in meaningful contexts such as routine daily activities. 
For example, discrimination of s(^M and loud sounds can be taught within the context of a 
cooking activity and accompanied by appropriate language input (Rohbiiis, 1990; Erber, 1982). 
Some established auditoiy training curricula arc too narrow in focus, requiring children to 
listen in restricted contexts, with limited response choices, and with limited use of language 
and speech skills (Robbins, 1990). Ling (1986) points out that unless auditory training 
activities occur in meaningful contexts, children will view them simply as exercises and not 
generalize skills to coimnunication situatiiMis in real lne. 

Some lonn ol as^es^ment must be pan of all cunicuhi and iiuerveiition programs because 
deat and liaid n\ luMiinu clilKlit'ii hii\e a uidi- uuijic ol skili-- and needs hidi vidiiali/ed 
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programming must be based on assessment of skills. Erber (1982) proposes that auditory 
detection, discrimination, identification and comprehension skills be assessed with a variety of 
speech stimuli including speech elements, syllables, words, phrases, and sentences. 

Speechreading is an integral pan of noniial speech perception and is important in 
production. Tlierefore, speechreading training should be integrated with auditory skill and 

speech production development. Some training activities should be unimodal (auditory or 

visual), while others should be bimodal (audiovisual). The current trend is toward increased 

bisensory training to facilitate integration of auditory and visual cues. 

"Edwards (1991) presents principles which should be considered in the development of 

skills within auditory training cunicula: 

1. There nuist be a clear need for acquisition of the auditory skill within the child's 

environment. 

2. There nuist be o]iportunity for the child to practice ans use the skill in a variety ot 
situations. 

3. The child must be able to perform the skill in life-like activities. 

4. There nuist be sufficient reward for appropriate use ot the skill. 

Activities may be analytic or synthetic in nature. Analytic training, also called "bottom 
up", uses a step-wise approach from detection to discrimination, using drill-type prc^edures, 
to closed set identification to open set identification to comprehension. There is some 
question about the salue of drill-type detection and discrimination activities for improved 
identification and comprehension of speech needed for everyday listening situations (Doehring 
and Ling, 1971; Erber, 1982). Listening for meaning requires learning environments where 
acoustic cues may be combined with contextual and situational information (Doehring and 

Ling, 1971; Erber. 1982). 

There is some contention that analytic auditory training is iin|XMlant for speech 
production. However, authorities agree that learned analytic skills must immediately be used 
in meaningful language context for generalization to occur (Colo & Paterson, 1984; Erber, 
1982; Ling, 1976; Paterson, 1982). 

.Synthetic api^ioaohes. also called "top-down" or language based, focus on sentences or 
connected discourse in meaningful sitiialions and stress conversational interaction, l-rber 
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(1982) describes a Natural Conversational Approach that may be used in class throughout the 
day. The teacher speaks to the child naturally without visual cues, focusing on whatever 
auditory skill level (eg. discri;iiination, identification) is appropriate tor tlie child, if, despite 
situational and contextual cues, the child does not respond appropriately, the teacher uses a 
remedial strategy that involves presenting the same material using a lower level auditory skill. 
For example, the teacher might ask a child to identify a picture in a book; if the child is 
unable to respond, the tejicher might repeat the request using a discrimination fomiat such as 
"Is this picture or ?" 

Erber (1982) describes a second synthetic approach that lie calls "Moderately Structured". 
Identification and comprehension training follow a classrooni activity, using vocabulary 
appropriate for tliat activity and language structure appropriate for tlie language level i)f tlie 
class. The Experience Story exemplifies this approach. After the teaclier and children talk 
about an activity, the teacher writes a series of descriptive sentences on the board using 
language elicited from the children. This language is then used for identification and 
comprehension activities. 

Erber (1982) also describes iiis concept of "adaptive connnunication" wiiich may be used 
for analytic, natural conversiitional, or moderately structured approaches, h invoi\es 
expansion which is used if a child is able lo perceive speecli witli no difficulty at a paiiicular 
level of vocabulary and syntactic coniplexity. The teacher substitutes new vocabulary or 
more difficult language structure, if, on the other luuid, the child experiences difficulty with 
the task, a remediation approach is used. The teacher nughi repeat, clarify or emphasize the 
original presentation, substitute more familiar vocabulary or simpler language, niove to a 
lower level response (eg. discrimination rather than identification), or use visual cues in 
addition to auditory. 

A program or curriculum can include both analytic and synthetic activities. Analytic 
training can be used during individual therapy to remediate specific weaknesses or provide 
auditory support for speech production activities. Synthetic activities can be integrated nuo 
the classroom curriculum and individualized using aiiapn\e comuumicanon. /\u optimal 
training program should include both boltom-tip aiui lop-diuvn .ictivities 



61 



ERIC 



Criteria and Guidelines for MMT 

The following guidelines and criteria are based on the intervention principles discussed in 
the previous section: 

1. Auditory training programs should include activities to develop skills in the following 
areas: detection, localization, selective attention, memory/sequencing, discrimination 
of suprasegmental and segmental speech features, closed-set and open-set identification 
of speech and environmental sounds, comprehension, figure-group.d skills, voice 
monitoring, and use of suprasegmental information. 

2. Both analytic and synthetic activities should be included, but the fcKus should be on 
language based activities. 

3. Discrimination training, especially of non-linguisiic materials, should be minimized. 

4. Auditory training activities should be integrated with language training, speech 
production, and speechreading. Some activities may be unimodal but audiovisual 
integration should be a priority. 

5. Activities should be interactive, meaningful, and intrinsically rewarding. 

6. All training should incorporate expansion and remediation strategies, as needed. 

7. Curricula and programs should include assessment jMocedures and provide individual 
programming. 

8. Real life situations should be used or simulated. 

Hearing Aid Orientation 

All auditory training activities are predicated on the jiroper use of hearing aids. In order 
to use hearing aids well, children need the continuing and consistent support of teachers and 
parents who are knowledgeable about their benefits, limitations, use, care, and maintenance. 
With this suppon, children can assume increasing resixmsibility for the use and care of their 
hearing aids as they become more mature. 

Hodgson (1986) descril->es the components of a good hearing aid orientation program. It 
should include: 

1. Development of realistic e.xpectalions and positive attituck-s toward hearing aids. 

2. UndcMst;iiuiinp of how hearinji aids runctioti. 

5 0 
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3. Ability to operate hearing aids: 

a. insert, replace, and care for batteries 

b. adjust the volume control 

c. properly use the telecoil 

d. insert and care for the earmold 

4. Ability to perform a daily visual and listening hearing aid check. The Ling 5-sound 
test is widely used for this purpose. It involves listening to an appropriately adjusted 
hearing aid while speaking three vowel and two consonant sounds. The Child is then 
asked to respond to the sjime 5-sounds while wearing the hearing aid (Ling, 1976). 

5. Ability to troubleshoot malfunctions such as absent, intermittent, or weak sound, 
loudness which does not change smcwthly as the volume control is manipulated, noise 
or distortion in the hearing aid, and feedback. 

6. Ability to help the young child accept and properly use the hearing aid. 

Many researchers have evaluated hearing aids that children bring lo sclicxil, and have 
found a high incidence of malfunction (Diefendorf and Anluir, 1987; Kemker, McConnell, 
Logan, and Green, 1979; Potts and Greenwcxid, 1983; Manners and Sitton, 1983; Bess and 
McConnell, 1981; Elfenbein, et.al., 1986; Busenbark & Jenison, 1986). A nuniber of studies 
have shown that direct parent and teacher training using lectures, demonstrations, sound/slide 
programs, and videotapes resulted in significant reduction of hearing aid malfunction (Foust 
and Wynne, 1991; Deifendorf and Artiuir, 1987; Manners and Sitton, 1974). A workbcxik 
entitled "Orientation to Mearing Aids (Ganger, 1987) has been found useful for these 
programs. 

Sanders (1982), Berliner & Eisenberg (1985), Davis & Mardick (1981), Von Almen and 
Blair (1989) recommend that deaf and hard of hearing school children also receive information 
about effects of hearing loss on communication, hearing aids, and assistive listening devices. 
Hearing aid orientation objectives and activities should bo pan of amiitory training curricula 

Assistive listening devices, primarily FM systems, are used in many sciiools. Orientation 
to these systems is similar to hearing aid orientalion. In addition lo iIk- need to understand 
benefits and limitations, proper use and care, and trouhle-sluiDimc pnxx-iiuros, p;nvMls. 
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teachers, and children need to become comfortable with the following special features of FM 
systems: 

1. Importance of keeping the FM microplione no more than 6 inches from the talker's 
lips. 

2. Importance of recharging the batteries in the transmitter and all receivers each night by 
correctly placing the equipment in the charger. 

3. Importance of making sure that the teachei^s transmitter and tlie child's receiver are on 
the same channel which is different than the FM channel used in other classrooms. 
When changing classes, either the child or the teacher must take respcMisibility for 
changing the channel on the receiver. 

4. The teacher must learn for which classroom activities FM is suitable. For example, 
FM is appropriate when the children are being t iiiglit as one group: however, it is not 
appropriate when th.e children are working in smaii groups on ditterent activities. 

5. FM signals can be transmitted through walls up to a distance of 2t)() to 300 feet 
depending on the strength of the system. Theiefore, the teacher must remember to 
turn off the FM transmitter when it is not being used. 

Search of the literature revealed no research on orientation to assistive listening devices 
nor descriptions of orientation programs. There is a need to incorporate objectives and 
activities on orientation to FM in school curricula and a need for studies evaluating the 
benefits of such training. 

Review of Auditory Skills Media and Materials 

Many auditory skills curricula and hearing aid orientation programs have lieen developed 
by residential and public school programs for deaf children (eg. Kendall Demonstration 
Elementary School, Fairfax County, VA). In addition to cuiriculai materials, programs for 
parents, teachers and older students, designed to impro\e uno oI ampliricaiiou in tiie 
classroom, are available (Ganger, 1987; Hainiers & Sitf.)n. 1974, and NuNNbaum, 1988). Most 
of the auditory skills curricula follow the model described by lirber in Iun book entitled 
Auditory Training (1982). This book is a excellent general reference on development of 
auditory skills. A few of the auditory skilh cmriciila have been di^sennnaied outside of local 
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school districts and are used around the country. Some have served as prototypes for local 
programs. Several of the better known curricula are described and critiqued in the following 
section. 

Auditory Skills Curriculum 

One of the most widely used programs is the Auditory Skills Curriculum which is part of 
the Auditory Skills Instructional Planning System (Los Angeles County Superintendent of 
Schools, 1976). This curriculum was developed for and standardized on over 800 deaf and 
hard of hearing children from ages 3 to 12 with a wide range of sensorineural hearing losses, 
types of amplification. The children used various types of amplification, and attended total 
communication, oral, residential and mainstream education progiams. 

The curriculum is divided into four major areas: discriininatioM (includes detection and 
attention), memory-sequencing, figure-grotnul (difficult listening conditions), and 
auditory feedback (use of audition for speech production). 

Within each area, long term objectives (called terminal performance objectives or TPOs) are 
presented in order of difficulty. For each TPO, there is a sequential series of shon tenn 
objectives (called intermediate perfomiance objectives or IPOs), leading to successful 
completion of the long term objective. The iPOs are directly measurable because they are 
stated in behavioral terms and are accompanied by criteria. Activities are presented for each 
IPO. 

Goals and activities follow the developmental model of auditory skills and are sequenced 
from easy to difficulty based on linguistic redundancy and acoustic similarity of stimuli 
within a discrimination task. Eariy activities focus on suprasegmeiual features, and as skills 
are developed, increased emphasis is placed on segmental features. 

The practice materials for each IPO are referenced to tlie educational level of the student 
(eg. preschool, primary, etc.) and teachers are encouraged to develop variations, 
supplementary activities, and individualized objectives as appropriate. Language level and 
content of the activities can refiect academic curricula and social conununication. There is a 
preschool supplement designed to meet the iieetls of deaf ami liaid-of-liearing children from 
birth to four years. All activities are prosonlod first in a luiiltisoiisory mode (signs. 



speechreading, audition). Visual cues are gradually reduced until the child is successful in the 
auditory mode. Familiar material may be initially presented in the auditory mode, with 
remedial strategies applied if the child has difficulty. 

The Auditory Skills Curriculum may be used with tiie Test of Auditory Comprehension 
(TAC) to suggest the starting place in the curriculum for a child. As an alternative, the child 
may be placed on the cumculum by assessing IPOs sequentially in each curriculum area until 
appropriate levels are found. 

Developmental Approach to Successful Listenin° (DASL) 

The DASL was developed for de^tf children from age 2 through secondary school. It is 
designed to be used in individual therapy sessions nttlier tlutn in tlie classroom. The program 
is highly structured and analytical, involving a liierarcliy of auditory skills. The steps 
between sub.skills are very small, minimizing ciift'icuities children niighi experience moving 
from one objective to the next. The activities for the subgoals are games, designed to 
motivate the child. The games and the language can be individualized so that the activities 
can be used at any age or language level. 

Three areas of auditory skills are included in the curriculum. Sound awareness includes 
care and use of amplification, detection, localization and selective atteiuion. Auditory 
comprehension includes various levels of discriniination. memory/sequencing, identification 
and comprehension. Phonetic listening skills help children use their hearing for speech 
production, thus integrating speech production with auditory skill development. After 
successfully completing the cuniculuin, a child may work on any of the subskills in a 
background of noise or competing signal. Subskills from different sections of the curriculum 
may be developed concurrently alter the child has comploieil basic goals in the Sound 
Awareness section. 

A DASL Placement test is inchiclod w ith the program, lis luncticn is to identify where 
the child should begin in the ditfeiont areas of the curriciihiin. 
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Critique 



The Auditory Skills Curriculum and the DASL provide goals and activities in the areas of 
selective attention, discrimination of supra-segmental and segmental features, identification, 
comprehension, and figure-ground differentiation. Although the Auditory Skills Curriculum 
follows tiie normal developmental pattern of auditory skills, little time is spent in 
development of basic skills such as detection; hearing aid orientation is not included at all. 
School curricula based largely on the Auditory Skills Curriculum (Auditory Skills Curriculum, 
Fairfax Co. VA., 1984; Auditory and Speech Training Curriculum Guide, Kendall 
Demonstration Elementary School, 1988) liave recognized these deficiencies and have 
incorporated objectives and activities on detection, local izitt ion, selective attention, and 
hearing aid orientation. The DASL, in contrast, deals well with basic level auditory skills and 
hearing aid orientation. 

Both curricula include goals for voice monitoring inul use of hearing for speech 
production, thereby integrating speech production and auditory skill development. The 
Auditory Skills Curriculum stresses audiovisual integration, and provides for the strategies of 
remediation and expansion. The DASL deals exclusively with auditory skills. 

Although both programs present activities in sequential order of ditTiculty, the steps 
between short term objectives are nuich .smaller in the DASL. Because goals and objectives 
in both curricula are presented in several areas concurrently, it is possible for a child to work 
on more than one skill at the same time. Both programs provide assessment procedures. 

Both curricula are applicable to a wide range of functional language levels. Although 
both programs are language based, they include analytic or bottoni-up approaclies. The 
DASL is more analytical than the Auditory Skills Cuiricuhnn which makes it less suitable for 
classroom activities but more suitable for computer programming. Neither curriculum is 
suitable for a natural conversational or language cx|)erience approach. Real life situations are 
not simulated. 

Non-cun'icular materials 

There are a number of books on the market coiuaiiiing autlilors training activities for 
cliiklieii (Samlers, 199:^; Lowell and Slouei. lieiii. I97X). .Some, like the l.Dwell and 
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Stoner materials, are designed for young children and use games for activities. Other books 
present activities for a range of ages. 

Berg's Listening Handbook (Berg, 1978) contains activities which develop a fairly 
comprehensive range of auditory skills. Even though each lesson includes several different 
skill areas, there is no clear hierarchy of skills or presentation of objectives in a progression 
from easy to difficult. The importance of reciprocity betvi'een listening training, speech 
production, and language training is stressed, but there are no specific procedures or activities 
to implement such integration. Tliere is no attempt to simulate real life situations. Other 
materials suffer from the same problems. These programs cannot be considered curricula, but 
many of the activities can be incorporated into curricula and adapted for interactive computer 
presentation. 

Micro Sound Produci.. lias produced a set of four CD-Roni compact discs wliicli contain 
314 environmental sound and noises for use in training auditory awareness and identification. 
Included are sounds of the vi'orkplace (eg. construction sites), the household (eg. ruimin.g 
water), restaurants, spons (eg. bowling), transpoiiation (eg., cars, planes), etc. These 
materials can be purchased from: Micro Sound Products, 5.S5 Bryant Street, Suite 249, Palo 
Alto, CA 94301. 

Cochlear huplants 

Increasing numbers of deaf children, age two and older, are using cochlear implants. 
They require follow-up aural rehabilitation, primarily in liie form of audiovisual training. 
The Nucleus 22 cochlear implant, approved for children by the FDA in June 1990, is the only 
system being used for children. The cochlear implant consists of external components which 
may be removed and internal comp<.')nents wliich are surgically implanted. The external 
components consist of a microphone worn at the ear connected by a cord to a speech 
processor worn on the bcxiy. The speech processor is connected to a transmitter held in place 
behind the ear with a strong magnet. The internal components consist of a receiver implanted 
in the mastoid process and niagiietically aligned with the external iransiiiiiter. The receiver 
connected to an array of 22 electrodes (channels) implanted in the inner ear. 



b2 



68 



ERIC 



After the healing process is complete, the external components are fitted and each of the 
22 channels is programmed so that the electrodes respond to the softest possible sounds and 
are set for maximum comfonable listening level. The program, called a MAP, is incorporated 
within the speech processor. After the MAP has been established, training begins. 

Candidacy Issues 

In order to assure maximum benefu from a cochiear implant, candidacy criteria must be 
carefully applied. Criteria for children and adults were recommended at a Consensus 
Development Conference at NIH in May 1988 and are being used by the vast majority of 
cochlear implant teams, particularly with child candidates. These selection criteria are 
summarized by Black (1988) and Tye-Murray (1993). 

Age 2 is accepted as the minimum age for implantation for tiic following reasons; a) 
hearing status mtisi be established piioi lo surgery and abiiiiy to benefit from amplification 
ruled out. U is very difficult to make tiiose deienniiutiious at younger ages; b) rapid !iead 
growth may still be occuning, which may cause an imi)laiued electrode to dislodge; c) young 
children are more prone to middle ear infection ilian older children; d) the young child may 
Ixt unable to participate in the programming process, necess;u-y for the fitting of the implant. 
Some teams require that a child have learned the conditioned response to tactile stimulation 
prior to cochlear implant surgery. 

Omdidates must liave profound, bilateral sensorineural hearing loss and should receive 
minima! benefit from amplification. Typically pure tone thresiiolds are no better than 95 dB 
and the candidate is not able to recognize words audiloril) . Aided tiircsliolds are no better 
than 60 dB. 

Parental conmritment and realistic expectations are essential. Extensive coun.seling, 
stressing the fact that the child will continue to function as a severely hearing impaired 
individual, is performed. Some cochlear implant teams seek conunnment of the child if he oi 
she is old enough to undei stand the process. 

Availability of rehabilitation seivices is a crucial lacloi. Most cochlear implant teants 
make a strong effon to asstne thai the child's ediicalioiuil progiaiii includes development of 



auditory-oral skills. Tlie child may be enrolled in a total communication program provided 
the program makes at commitment to auditory skill development and speech production. 
Training Principles 

Auditory training procedures with a cochlear implant are similar to those used with 
children who wear hearing aids. According to Osberger (1986) training should be balanced 
between discrete listening activities using structured lessons and more global practice m the 
context of regular classroom activities. 

Moog and Geers (1991) emphasize that instructional objectives for discrete listening 
training should be based on the nonnal developmental model of auditory skills. The 
appropriate training level for a child should be determined by evaluation of auditory skills. 
The DASL (Van En Windle and Stout, 1986) is being used by many cochlear implant 
programs for analytic auditory training. Moog antl Geers reconunond that as a child acquires 
specific auditory skills through individual training, they should be reinforced through 
classroom activities using a natural conversational or language experience approach (Erber, 
1982). For young children, toys and games should be used for activities. 

McConkey (1990) agrees that it is desirable to begin training with discrete activities which 
should be complemented by a natural lan.guage approach to insure carryover of learned skills 
to real world situations. However, a conversational apiiroach may be too challenging to a 
child who is just being introduced to sound or who is learning a new auditory skill; 
therefore, an intermediate level of training should be used for transition. Strategies to 
accomplish this transition include increasing size of the response set. introduction ot tune 
delay between explanation of task and presentation of stimulus, presentation of stimulus when 
the child is not in a "listening set", moving gradually from an identification to comprehension 
response, and introduction of some kind of tlisdaction. 

Stroer (IV92) defines the goal of cochlear implant training as development of specific 
analytic and synthetic auditory and speech skills within the context of language and concept 
learning. Auditory activities are designed to develop perception and identification ot 
environmental sounds as well as speech. The Ling speech i^rogiam (1976) and a vaiiety of 
materials developed for auditory and si^eech training with hearing aids, including DASl.. 
Auditory Skills Gurriciilum, are used. 
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Brackett (1991) stresses that all trdiiiiiig activities should include both speech perception 
and speech production components. Audiovisual training and appropriate communication 
strategies should be included in the cochlear implant training program especially since speech 
comprehension through audition alone is not realistic for all implant users (Tyler, Tye- 
Murray, and Lansing, 1988). 

Speech tracking (DeFilippo and Scott, 1978) is recommended at the elementary school 
level using audiovisual input, speechreading alone, and in some cases audition alone. The 
teacher reads phrases or shon sentences from an appropriate narrative. The child is required 
to repeat verbatim. To resolve communication breakdowns, the teacher uses a variety of 
communication strategies such as speaking more expressively, isolating a missed word, 
changing the timing, paraplnasing, defining the word, reviewing tlie piirase, or anytiiing else 
appropriate. Boothroyd, et al (1988) develo|.)ed computer tracking lessons for children over 
age 7 and adults, using laser video disk tecimology. Seventeen sliort stories, spokeii by a 
female talker, are used. 

Orientation to the ccxhlear implant, use, care, trouble-shooting, and development of 
realistic expectations are essential aspects of cochlear implant training for parents. Parents, 
teachers, and older children need to be able to perfonn a daily visual and listening check of 
the cochlear implant, analogous to what is done with hearing aids. In order to do so, they 
need to become familiar with how the system functions, how to connect the external 
components, how to position the transmitter beliind the ear, and liow to check the settings of 
the speech prtxessoi'. 

Criteria and Guidelines 

1. Both analytic (bottom-up) and syntlietic (top-down) programs are needed. Specific 
stimulus resjxinse, natural conversational, and transitional activities should be 
included. 

2. Audiovisual training, with appropriate connnunicalion stiategies, siiould be pail of ail 
curricula. 

3. Auditory and audiovisual activities siiouid be inlegriitod witii speocli production 
activities. 



4. Curricula should include incorporation of discrete training goals into classroom 
activities. 

5. Materials are needed to help families and children develop realistic expectations of 
benefits. 

6. Materials are needed to help teachers, parents, and older children learn proper use, 
care, and troublestiooting of cochlear implants. 

Two excellent general references on all aspects of ccxhlear implants are; Cooper, H. 
(Ed.), (1991). Cochlear Implants. A Practical Guide and Tyler, R. (Ed.), (1993). Cochlear 
Implants. Audiological Foundations- 



Review of Media. Materials, and Technology 

There is little technology, media, or materials developed specifically for cochlear implant 
training. Most training programs use materials develoi^ed for auditory training with hearing 
aids. The only cochlear implant training curriculum found in the literature was developed by 
Cochlear Corporation (1992). Although it was designed for adults, the format and many of 
the actual exercises are suitable for elementary and secondary level students. Some activities 
can be adapted for Nounger or language limited children by modifying the language. 

Cochlear Coiporation Curriculum 

The Cociilear Coiporation curriculum is divided into four levels, with overlap between 
levels to facilitate transitions. The goals span the hierarchy of auditory skills from detection 
to comprehension. Within each level, activities range from easy to more difficult, if a client 
experiences difficult) with an activity, the same material is presented at a lower auditory skill 
level. Auditory and audiovisual activities arc incorporated into the cmriculum. .Screening 
tests determine the beginning level of training appropriate for a child. 

An activity called paragraph tracking is used. The teacher reads a paragraph appropriate 
for tiic language level and interests of the child. The child follows along using a written copy 
of the paragraph, If the ciiild falls behind, tlie teaciier ieix^ats the last word or uses other 
strategies until the comnumication breakdown is resohed. The teacher may slow the reading 
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rate or move to more complex materials, depending on the responses of the child. Tracking 
as an intervention teclinique will be discussed more completely in a later section of this 
synthesis. 

Telephone training is an integral part of the curriculum. Depending on the capabilities of 
the child, it includes identification of telephone signals, development of a yes-no telephone 
communication code, familiarization with common phrases, number identification, role plays 
involving telephone conversations of varying degrees of difficulty followed by actual phone 
calls, and telephone repair strategies 

Computer software is available as pan of the curriculum for some of the analytic vowel 
and consonant analytic training. 
Critique 

This curricuhnn includes analytic and syntiietic materials presented in a hierarchy of skill 
levels. It may be used for auditory training with hearing aids as well as wiih cochlear 
implants. Many of the activities, particularly at the coniprehension level, are language based 
and applicable to life situations. The curricuhnn uses the concept of adaptive communication, 
allowing the child to easily move back and tbnh between levels. Audiovisual training, 
communication 

strategies, and telephone training are included. The major deficiency of the prograni is that it 
was not specifically developed for children. Although sonie of the activities can be easily 
adapted for elementary and secondary school children, such adaptation cannot lie done as 
easily for younger children. 

Parent and Teacher Guides 

The Cochlear Corporation lias published a Guide to the Mini Systeni 22 for parents of 
deaf children who are being considered for a cochlear implant and another nianual for 
teachers and other professionals who work with iniplanted children. Both nuuuials cover the 
following topics: 

1. How the cochlear inij">lant functions 

2. Candidacy i.ssiies 

3. Training to use the iniplani 
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4. Benefits, limitations, and factors influencing success 

5. Use and care; checking and troubleshooting the system 

6. Educational concern;': use in the classroom, use of FM with the implant, parents as 
advocates, parent-teacher partnerships 

The manuals contain lists of materials, organizations, and other resources. 

Captioned videotapes are available, including one in which four families of implanted 
children discuss the impact of the cochlear implant on their lives. 

Critique 

Both guides are well written at appropriate levels for their target audiences. The parents' 
manual is encouraging but realistic in discussiug benefits and limitations. Clear int'ormative 
illustrations, iniderstaiidable technical information, and practical use, care and troubleshooting 
procedures are included in both manuals. These manuals are available only through Cochlear 
Corporation, distributor of fhe Nucleus 22 cochlear implant. Similar manuals, targeted to a 
wider audience, might be useful. 

Speechreading and Communication Strategies 

Speechreading: Intervention Principles 

According to Yoshinago-ltano (1988) there are three approaches to the teaching of 
speechreading. The traditional bottom-up approach focuses on the visual aspects of phonemes 
and phoneme combinations; the student practices on syllables and then progresses to 
identification of words, sentences, and connected discourse (Brulin, 1949; Bunger, 1944; 
Kinzie & Kinzie, 1931; Nitchie, I9.'i0). The liolistic top-down approach focuses on connected 
discourse using real-life situations and language. It does not include drill on phonemes, 
syllables, isolated words or sentences. The interactive approach is primarily a top-down 
system but teaches identification of the visemes of speech as well (a viseme is a group of 
plionemes, such as /p,b,m/ v,'hich look alike on tlie lips). 

Speechreading piogiams for children tend to be holistic in natiuo. Lessons are based on 
simulated real life sitiialioiis and experiences iisiiii: hintniiigr \>.liich is laniiliar and within the 
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competence of the child. Drills are not used. When the language of the speeclireading lesson 
and the language of English class are similar, speeclireading can reinforce English language 
instruction (Jacobs, 1982). Simulated real -life situations used with younger childrc.i revolve 
around interaction with parents, siblings, and peers. The fc-x;us for older children is on social 
situations and communication within the scIkxdI environment. Speechre^lding training should 
be integrated with instruction in conmiunication strategies that the child can use when 
speechreading is insufficient for clear coininunication. Ability to identify aniculatory 
movements may make it easier for a child to "fill in the blanks" of an ambiguous or 
incompletely understood message. 

A hierarchy of speechreading activities siiould he established, starting with easy tasks and 
gradually increasing the diftlculty. Parameters tiiat can be varied in difficulty include: 
signal/noise ratio, number of talkers, brightness and direction of lighting, amount of visual 
distraction, familiarity of the talker, familiarity of the topic and vocabulary, and complexity of 
the language. Easy materials include: familiar stories such as nursery rhymes, child-generated 
materials such as language experience stories, language based on topics of inierest such as 
sports or TV programs and familiar connnands, greetings, and directions. 

Speechreading training should occur primarily in an audiovisual environment because 
audiovisual communication is more tyjiical of conv ersational conditions than connnunication 
which is solely visual (Erber, 1974). 

Communication Strategies: Intervention Principle s 

Training to use connnunication strategies is an integral pari of ilie language and situation- 
based holistic approach to speechreading. Children need to develop a repeiloire of 
anticipatory strategies to prevent connnunication breakdown and repair strategies to resolve 
communication breakdown. Before any strategies can he used effectively, the child must 
leam to function assenively. This involves recognizing that the message was not iniderstood, 
informing the connnunication ]-)arinei of the problem in a polite manner, antl explaining how 
the commmiication paiiner miglii faeililaie connnunicaiion. 
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Anticipatory strategies include identification of: 

1. Words and sentences that might be used in a fonliconiing situation. This vocabulary 
is then used for speechreading practice; 

2. Sequence of topics and probable talkers in a fonliconiing situation; 

3. Environmental factors that might create difficulty (eg. noise, multiple talkers), and 
ways of dealing with them; 

4. Talker variables that can be improved by advanced planning. The child might be able 
to request slower speech, clearer ailiculation, simijler shorter sentences, some 
indication of when a topic change occurs, or tlie use of an assistive device). (Tye- 
Murray, 1993) 

Repair strategies are behaviors a cliild can use during a connnunicaiion interaction sucli as 
asking a talker to repeat, rephrase, simplify or indicate the topic of a message. Additional 
repair strategies include asking for the spelling of a word, using code words for letters not 
understood (eg. "b" as in boy), asking for numbers one digit at a time, asking specific 
questions, and writing a misunderstood message, 'i'o keep comnuniicauon flowing, a child 
should always confirm wiiat is understood. 

Children siiouid be trained to use repair stniiegies expressively as well as receptively. 
Elfenbein (1990) points out that communication breakdown can occur because children's poor 
articulation and language skills interfere with understanding of tiieir speecli. Many of the 
same strategies that are useful receiMively (eg. repinasing, writing, simplifying) can help 
clarify connnunication wiien the cliiiii's sjieeeli is not uiuierstooii. 

Conversational strategies used for turn-taking, clianging topic, and terminating a 
conversation often need to be tauglii. 'I he einki needs lo become familiar with the cues that 
signal these behaviors (eg. topical change may be cued b\ longer pauses between utterances). 

Training programs should focus on siraiegies that are rele\ant to the child's real lite 
communication needs, tiiat children aio willing to use and that do not require enormous efioii. 
Selection of specific strategies tor tiainuig slmuKi be prioiitizcd based on what is required in 
the classroom enviiomnent and what the cliiUl teels he oi she needs. Children must be able to 
understand how to use a strategv. A coiniiiuiucaiiun siiaiegies tiaimng program should 
include assessment tciols such as lole pla\s. tiaeking e.xeicisos, i|iiesiiiinnaiies, ami 
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communication scales to determine which strategies the child uses and which need to be 
leamed. Tye-Murray (1993) stresses the need for research to determine which communication 
strategies are needed by children, which strategies deaf and hard of hearing children are able 
to use, and which strategies other cliildren can comprehend. 

Training activities should be motivating to the child. They should be well-defined and 
usable by teachers in a variety of educational settings. Strategies may be taught through 
workbook exercises, conversations and role plays with classmates or with the clinician in 
individual sessions, and real world practice. Within a classroom situation, both teacher and 
children must leam to use strategies. Edwards (1991) indicates that during the first two to 
three years of school, the teacher is likely to initiate most of the strategies, but by tiiird grade 
tlie child often has sufficient cognitive and linguistic skills to do so. 

There are a number of instructional techniques whicli can l->e used in the classroom 
(Palmer, 1988). These include role plays of identified difficult situations, coiiversational 
practice using staning, stopping, topic change, and turn taking rules and routines, use of 
appropriate assertive behavior for resolving siuuilated contlict situations, and role reversals. It 
is helpful to videotape ai.d play back role plays so thai a child and i>eers can evaluate and 
make suggestions for improvement. Videotapes featuring high status individuals (eg. peers oi 
parents) using strategies successfully in sinuilated real life situations ma> be used for 
modeling. After these classrotim techniques have been used successfully, children can 
practice leamed skills in real life situations. 

Connected discourse tracking is an excellent technique to use for teaching of 
speechreading and strategies (DeFilippo, 1988; DeFilippo & Scott, 1978). Tracking is self- 
paced, provides a synthetic, language-based approacli to speechreading and strategies training, 
allows instant feedback, can be used visually, auditorily or audiovisually, and emphasizes use 
of communication strategies to resolve conununication problems. It is an interactive 
procedure, allowing for modification of task difficulty a^ needed. The age-appropriateness of 
tracking depends on materials and procedures used, language competence and attention span 
of the child. Erber (1978-1979) reported successful tracking with I I to \5 year old severely 
and profoundly deaf children; Goldberg (1988) reported u.so of autlitory tiacking with two 
three-yoar old cliildren. 
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Connected speech is presented by tlie clinician, one plirase at a time. Tlie child is asked 
to repeat, word for word, what is said. When errors occur, either the talker or the receiver 
use various communication strategies to resolve the communication braikdown. The number 
of words correctly identified per minute may be calculated. 

The original procedure of DeFilippX) & Scott (1978) required verbatim repetition and use 
of a hierarchy of strategies by the talker with the final strategy a "fail-safe" behavior such as 
writing or signing. Many clinicians develop their own hierarchy of strategies to meet 
individual needs. Instead of using talker initiated strategies, the child may be required to 
request strategies when misunderstanding occurs (Owens & Telleen, 1981). Several 
authorities (Owens & Raggio, 1987; Tye-Murray and Tyler, 1988) suggest the use of gist 
rather than verbatim repetition to better simuhiie real lite conversation. 

Reverse tracking is designed to facilitate the ciiild's use of expressive sliategies to improve 
his or her own speech intelligibility. This procedure requires the ciiild to read a passage; the 
clinician repeats every word or the gist of tiie message. When an error occurs, the child must 
initiate repair strategies to resoUe tiie couunuiiieation breakdown. 

If the child is having difficulty, nuiterial can be simplified or different strategies used. It 
is possible to allow the child to have a copy of the test and follow along as the teacher reads 
aloud. If desirable, the teacher can make the activity more difficult by increasing length of 
utterance or changing presentation contlitioiis. 

A variety of talkers should be used for tracking acti\ities. They should be trained when 
to pause, what types of strategies to use. how to provide elTective reinforcement, how to 
speak clearly, how to provide good hod) language, and uhat lo do if unable to understand the 
child's responses. 

Selection of material for tracking activities is imiionant. N4aterials must match the 
language competence and interests of the child. Pictures may be needed to maiiuain interest 
and can be used as leinforceineni. Popular sources of material include children's reading 
development series, ailicles in nuiga/.nies. neusiiaix-.s, digests, and literary works lor 
children, and high-inteiest, low language k-\el inaleriaK. \\ is also possible for the chilo 
and/or the teacher to geneiate inaic-iials U'g -^U)i> about a leeeni e.xperienee). 
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Pre-tracking activities can facilitate tracking with children. One strategy involves 
breaking down a difficult word in a tracked passjige into its individual speech elements, bi 
order for a child to use this strategy, he or she must be taught relationships between spoken 
or mouthed phonemes and a symbol system (eg. Northampton Chans), how sound sequences 
are blended to form words, and spelling and pronunciation rules. Other pre-tracking activities 
include reading the passage before the tracking activity, practicing key words and proper 
nouns used hi the passage, and providing clues such as the topic, title, or first line of the 
story. 

At this time there are no materials or curricula developed for use of connected discourse 
tracking with children. 

Criteria and Guidelines 

1. Speechreading training for cliildren sliould be priiiuuily language-based, using simulated 
real life experiences. 

2. It should occur primarily in an audiovisual eiiviioniiK'iit altliougli visual activities may be 
incorporated as needed. 

3. Analytic activities involving discrimination between or identification of ailiculatory 
movements can be beneficial. 

4. Speechreading curricula should provide a liierarcliy of activities gradually increasing in 
difficulty. Parameters which can be manipulated include auditory and/or visual noise, 
familiarity of talker, familiarity of material, comple.xity of material. 

5. Materials should be within the language competence and interests of the child, it is 
beneficial to use materials related to classroom activities. 

6. Speechreading and communication strategies training should be integrated. 

7. Children need training in assenive behavior, anticipatory strategies involving talker, 
environment, and message variables, and repair strategies. 

8. Repair strategies should be used expressively to clarify the child's speech intelligibility as 
well as receptively. 

9. Conversational strategies used for turn taking, topic changing, initiating and ending 
conversations should be tau;:lit. 
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10. Specific strategies taught should be relevant to the child's comnumication needs, 
should be understandable to the child and be eiisily usable by the child. 

1 1. Assessment procedures should be available to determine which strategies the child 
knows and uses. 

12. Strategies training should be usable by teachers in a variety of educational settings. 

13. Instructional techniques should include role plays, conversational practice, workbook 
activities, and practice in real life situations. Videotaping is useful for evaluation and 
critiquing of a child's performance and for modeling of successful use of strategies. 

14. Connected discourse tracking can be used with any age child if the material is suitable 
and the child's language competence and attention span are sufficiently developed. 
Reverse tracking can be helpful to the improvement of speech intelligibility. 

15. Age and language appropriate materials and curricula are needed for connected 
discourse tracking for children. 

16. Interactive video programs can be useful for botli speechreading and communication 
strategies training. 

Review of Media and Materials 

As with auditory skills materials, most school systems have developed their own 
speeclrreading and communication strategies curricula, but few have been disseminated. A 
notable exception is the material that has been develoix-d by the Outreach unit of the 
Gallaudet Pre-college programs. Several of these programs are reviewed in tlie following 
section. 

Speechreadini? in Context (Deyo and Hallau, 1984) is a program which provides 
functional speechreading activities for deaf children in elementary school. A synthetic 
approach is used, with emphasis on understanding of meaning; there are no drills on syllables 
or individual words. Materials are presented in order of difficulty. The activities may be 
used as a framework for development of others. Ada|Mi\e leaching strategics are used as 
needed. 

Topics that are covered include greetings, school vocabulary, endings and transitions (eg. 
see you later, time for lunch, bye-bye), common oonnnents (eg. please, thank you, I'm sorry). 
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commands and questions, and conversations. Each lesson begins with practice of teacher and 
student generated words and phrases based on discussion of tlie topic. Tliis is followed by a 
role play, after which the same format is extended to related situations. 

This program is relevant and rejil life oriented. It can easily be integrated into the 
classroom curriculum. The major disiidvantage is that it focuses only on speechreading and 
does not include auditory or communication strategies training. This program could easily be 
adapted to interactive computer videodisc technology. 

The Kendall Demonstration Elementary School Auditory and Speech Training 
Curriculum Guide (Nussbaum, et al, 1988) has been publislied and disseminated. It includes 
auditory skills, speechreading, and speech production objectives and activities for deaf and 
hard of hearing students at presciiool through junior iiigii school levels, llie curriculum is 
designed to be used by teaciiers in classroom situations but can also be used for individual 
therapy. It is based on a connuunication philosophy in which auditory skills, speechreading 
and sf>eech training are infused throughout the daily routine and as much as possible within 
the classroom. Activities tend to sinuilate real lite situations; role plays and mimes are used 
especially for training communication strategies. 

Learning objectives are arranged according to increasing level ot" diftlculty. In the 
development of auditory skills, material is introtiuced in a nuiltiniodal manner (signs, 
speechreading and audition) and visual clues are gradually failed out. In the tievelopment of 
speechreading skills, signs and auditory clues are gratiually faded out. Response choice sets 
are increased from 2-choice options to open set. Faniiliaritv of materials gradually decreases. 
Speechreading training follows a hierarchy from discrimination and identification of single 
words in structured communication situations to comprehension of connected discourse with 
and without clues. Included are activities to develop awareness of mouth movements and 
facial expression. 

A section of the curriculum deals with develojinieiu ofaiii-niling skills, repair strategies, 
and conversational strategies for turn taking, attracting the attention of a person, initiating, 
maintaining anti ending conversiition appropriately. Stuiieuts are taught that appropriateness 
of strategies depend on whether a person is hearine oi iie;il and on the context of the 
situation. 
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This curriculum is interactive, integrates slcill areas, focuses on daily life and classroom 
situations, uses adaptive strategies, presents objectives in a hierarchical manner, can be used 
with any age child, and is applicable to oral, sign language and cued speech programs. 

Coniniunicate With Me: Conversation Strategies for Deaf Students (Deyo and Hallau, 
1988) is a program designed to help deaf students improve their ability to gain a person's 
attention, take turns, initiate and end conversations, select appropriate c«»nununication 
methods, select appropriate topics, change topics, and use repair strategies. Although the 
program was designed for students with hearing loss, it can be used for all students with 
special needs. 

A pre-test is given at the beginning of tlie ciinicuhiin to determine the appropriate units 
for that student. Pre-tests and post-tests are included \\ iili eacli unit aiul a post-test occurs at 
the end of the program. Each unit follows a similar format, stalling \\ iih learning wiien and 
how to use the strategies and continuing wiiii role iiiays ami suhNOtiueiil discassion. 
Additional age related enrichment activities are included 

The program is Ihgiily synthetic, using real life situations that are appropiiate for 
elementary school ciiildren. it is highly motivational because ol the loie plays. Each unit is 
well structured, moving from didactic teacliing of behaviois to practice in simulated 
situations. Evaluation is built iiuo the program at the beginniiiii and ai selecteti points 
throughout the curricuhnn. 

The real-life situations could lend themselves nice!) to \ideoiapo presentation similar to i 
format developed for adults by Trychin and Boone (1987). A vignette is presenteti in which 
communication rule is violateti, resulting in coinmuiiicaiioii hreaktiown. The siutlenis identif 
the behaviors that caused the problem, role play correct beluiviois aiui explain why they are 
correct. They then view the next ponion of the videotape wliicii shows the coriect way of 
handling the situation. This jirograin is discussetl fuitliei ni the |\ipei on English Language 
Development and Refinemem. 
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Eltenheiii (1992) developed a program to teach repair strategies to ciiildren, ages 7 to !4. 
The program includes: 

1) Understanding of the communication process and tiie many different modalities 
through which communication can txcur; 

2) Identification of the signs and causes of communication breakdown using role plays 
and videotapes of interactions; 

3) Formulation of a socially appropriate message bitscd on information to be transmitted 
and characteristics of tlie sender, receiver and situation; 

4) Introduction of repair strategies and practice in role plays within the therapy rocMn, 
assignments within tlie clinic, and in real world situations. Interactions witiiin the 
clinic are videotaped and critiqueti. 

Throughout the program, children have the oppoitunity to discuss their feelings and 
frustrations about their attempts to repair communication breakdow\is. 

Twenty five children were evaluated after completin.g six weeks of the conununication 
strategies program. All of tlie ciiildren donioiistratod hotier luatciung of strategies to 
situations, and u.se of a greater variety of repiiir strategies. Although this program has been 
designed for use in a clinical situation, it can be adapteti for the cla.ssroom. 

Interactive Video for Auditory. Speeclueadi ng and Conununication St rategies Tra i ning 

Interactive video is inlicrentl) motivating to a child because ta.sks are usually programmed 
in the form of games oi acti\ ities which provide iiinnetiiate feedback, it usually provides 
drill and practice as a .supplement to classroom instruction to lacilitate liabit nation of newly 
acquired skills. Although many of these programs teiui to be analytic i;i nature, th.ere have 
been attempts to develop real life simulation activities. For example, Tye-Murray, Tyler, 
Bong, & Nares (1988) have developed sinuilations of acti\ ities in the life of a hearing- 
impaired student. 

Computer technology proviiles the versatility lu conirol compkx protocols tailored to 
indivitlual neods It makes possible an inteiacti\e le;;rnin;i situation in wliich succesxive 
stnnuli aie lieteiniiiicil b\ the c'liUi's pie\ ious !es|H)iisos. I lie late of iiiMiuetmn i-. dictatetl by 
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students' skills and lettrning styles. A clinician need not be present and training can be 
scheduled at times convenient to students. 

According to Smaldino and Smaldino (1993, optinuil aural rehabilitation is based on a 
multidimensional mcxiel in which different aspects of training occur concurrently and 
interactively; therefore, computer programs should facilitate interaction of different skill areas. 
A range of stimuli (eg. simple overlearned utterances to longer more complex sentences) and 
a variety of response formats (eg. multiple-choice closed set task and open-set identification 
tasks) should be available. Programs should allow for change in presentation parameters 
based on the resix)nse of the child (eg. increase or decrease of response set, use of strategies). 
Random access and computer controlled branching capability are required for such 
individualized instructional activities. 

Computers and videotape players are available in most educational tacilities; however, 
videodisc equipment is less connnon, jiossibiy because of the high cost ol developing a 
videodisc master. Still, the type of interactive programming needed tor effective training ni 
auditory skills, speed neading, and connnunicalion strategies requires videodisc technology. 

Both software and hardware should be user friendly. H should be easN for a clii'd to 
respond (eg. touchscreen). Progran-.s should be easy for teachers to use. Ideally, it should be 
possible for the teacher/ clisiician to modify the software to individualize the program to meet 
students' needs. However, it is probably unrealistic to e.xpect the majority of classroom 
teachers and communication therajiisis to have adequate i)rograinming skills to make such 
modifications. 

Ijsseldijk (1992) provided iiifoinialion abou; Dpiinuil video images for speechreading 
activities, use of stimulus repetition, and rate of presentation by evaluating these parameters 
on 33 orally trained prelingually deaf children between 8 and iO years of age. The 
conclusions of the study were that full face and profile images are most useful for videodisc 
presentation, and tliat a lips only preseiitalion mode is not useful. KepetUion 
helps speecliieading peiforniar.ee and should bo made an oi-iion wiili e\er\ exercise. 
Exercises using slower i)reseiitation rales do not seem to be liolplul. 
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Only three interactive computer programs designed for children were identified. These are 
discussed in some detail. Other programs have been developed for adults. Several are 
discussed briefly because of the possibility of modifying them for chiiden. 

Programs for Children 

Tye-Murray (1993) developed a laser videodisc program for children ages 5 to 15 which 
combines auditory training, audiovisual training, and use of two repair strategies to clarify a 
misunderstood spoken message. This program has been published in book form to make it 
more accessible to educational facilities. 

Tlie program consists of 25 lessons, each focusing on a specific set of consonants. Each 
lesson presents syllable, word, and sentence activities in sequential levels of difficulty dealing 
with sound awareness, same/different discrinnnation, closed set word recognition, open set 
word recognition, closed set sentence recognition, and sentence recognition based on a key 
word clue. The teacher/clinician has the option of increasing the size of the sets in any of the 
lessons. Lessons are ordered so thai the sounds within the consonant vowel syllable and word 
exercises become increasing difficult to discriminate or identify by audition only. Sentences 
relate to common life occiuTences. 

Response options in the form of pictines appear on tlie screen after each stimulus is 
presented. Students respond by using a toucliscreen. All stinuiii are presented in the 
audiovisual mode first. When the student is successful with a prescribed nimiber of stimuli, 
the activity continues in the auditory-alone niode. Various strategies are available to the 
teacher to simplify an exercise if necessiiry. In addition to auditory and audiovisual training, 
the key word strategy and the strategy of rejieating tiie stimulus sentence as confirmation of 
understanding are taught. 

The second computer prograni is tiie Inlerat live Triiinin*; System for Listeniu}; (ITS- 
Listeiiiiig) developed by Carolyn Brown (1992). This prograui targets speech discrinnnation 
and identification skills at the phoneme, syllable, word and sentence levels, providing training 
in pattern perception and speech discriniinalion based on siii)rasegemeniai and segmental 
I'eatures. There are no synthetic cotniireliension e.\oicises. Tiu- tasks are jirosented 
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sequentially from easy to difficult. The program contains pre-testing, post-testing, and 
practice tasks as well as training exercises. 

The system is interactive; a child's response on a task determines the specific task that 
follows. Tasks may be repeated for more intensive practice. Stimulus content and 
presentation mode (eg. auditory or audiovisual), may be modified to meet individual needs. 

In addition to 450 pre-programmed lessons, there is a lesson editor to allow the teacher to 

individualize the exercises for each child. 

Tlie program can be used with children of all ages. Games are incorporated into the 

lessons for younger children. Responses are made using a touchwindow with pictures as 

response prompts. 

Tye-Murray, Tyler, Boiij;, and Nares (1988) develoi^ed three videodisc programs to 
train speechreading and asseilive conununicalion. 

The goal of Program 1 is audiovisual consonant si^eechreading training usir.g consonant 
vowel syllables, single syllable words, and words embedded in carrier i^hrases. Resj-Xinse 
prompts on a touchscreen consist of ditVereni colored circles tor the consonants and pictures 
for the words. A male and female talker present the stiuuili. A stimulus along with a visual 
reinforcer (eg. smiling face) is presented first in a discrimination mode and th.en in a closed- 
set identification mode. Incorrect respon;;es result in repetition of the stimulus, while a 
correct response produces a smiling face. These activities can be used for auditory training 
by turning off the visual image of the talker. 

Program 2 provides synthetic audiovisual speechreading training and development of 
communication strategies. One often talkers presents a sentence accompanied by four 
pictures. The student responds by touching one of the i)ictures. If the response is not correct, 
the student may select one of five repair strategies. The procedure continues until tiie 
sentence has been identified correctly. 

Program 3 provides situation-specific speeclueading training, usnig eleven e?^ercises based 
on home and school situalicMis (eg. breakfast, bus stoix classes), i-irst the child views a 10 
second film clip establishing the setting. Then a i<ilker apiuopriate to that setting luesems 
sentences audiovisually in closed-set foiniat sr.niiar to that used in Progian) 2 11 the child s 
response is inccMiect, rei)air strategies are sdeclcd init.l ll:e sentence is coueetly uienlilied. 
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Some of the talkers deliberately create difficult communication situations (eg. chew gum, 
make noise). 



Critique 

All three programs integrate vision and audition. All the programs are interactive and 
modify presentation of stimuli based on student responses. They provide options and 
strategies that allow the teacher/clinician to modify the ease or difficulty of the exercises. 
Objectives and activities are presented in a hierarchy of easy to more difficult tasks. 

The Tye-Murray programs teach repair strategies. However, neither one includes 
evaluation procedures; the ITS-Listening jirograni docs. The Tye-Murray programs attempt 
to relate sentence materials to real life siluations, antl one ol tiie 1988 programs includes real 
life scenarios. The ITS-Listening |-)rogram makes no aitenipi to include syntiietic activities 
related to life situations. The content of the aciiviiies in ilie Txe-Munay piogranis cannot be 
altered because there is no provision for teacher modification of the software. The ITS- 
Listening program does provide a lesson editor, allowing a teachei or therapist with 
programming skills to make individual adaptations. 

Adult Programs 

The Dynamic Audio Video Inieiaciive Device (DAVin) iirograin (Sims, 1988) provides 
speechreading drill materials dealing with familiar expiossions and job-relaied sentences. 
Depending on level of performance, a student uses a nuihiple choice, fill in the blanks, or 
open set format. Materials can be presented w itii or u itlioui sound. The student can request 
repetition or clues about sentence CDiiteni. 

The Audiiorv- Visual Laser Vi detxlisc huer;ieii\ e_S\ sumii [A I^V^ (Kopra, Dunlop, Kopia, 
and Abrahamson, 198.^) was dexelnpoii io) postiin.jnalK ileaf adults Ii consisis of five to 
eight word sentences iiresented in ordei- of spcechivatlinc ilillicult> . liacii sentence is 
presented a maximum of 5 times, x'.iili each inesenialion accompanied by different auditory or 
visual clues, 

Conipuler Assiste d Tr acking (C;ASTj (I'lch-.Ma l iilU-: and Cicliclli. 198(:) is a tracking 
program develoiu-d loi advenliliousl\ deaf adiilis \\ ^ uii-.|sis pai.igiaphs, eacli leaded with 
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a particular visemt. The speechreader views the paragraph in its entirety for orientation, then 
types each phrase as it is viewed. The computer provides feedb xk, displaying the correct 
portion of the response and leaving blanks for misidentified words. The student has the 
option of asking for replay of the plirase or going on to the next phrase in hopes of using 
context clues to identify the initial one. The program allows for the inclusion of other 
communication strategies. After a maximum of ten trials on a phrase, the missing words are 
filled in. The program provides positive reinforcement for a good guess based on 
identification of a homophenous sound. The clinician can select the rate of speech, and 
decide whether to use audiovisual or visuaf replays. Various types of scoring are included in 
the system. 

Video Laserdisc Test ^iud Training Baitery Anluir Booihroyd (1988) developed a series 
of six half hour laserdiscs for children, age 7 and okier, and adiihs. These materials can be 
used for auditory and audiovisual speech perceiMion testing and training. Tlie battery includes 
a range of training materials at phoneme, word, anti sentence levels: a) the ThriU: detection 
of suprasegmemal and segmental si^eech paiiern contrasts in a varying i^honetic context within 
nonsense syllables; b) the Spac: identification of sui)rasegmental and segmental speech 
pattern contrasts in a varying phonetic context within uords and phrases; c) identification of 
CVC words; d) sets of topic related sentences emulating conversation; e) 17 short stories 
that can be used in a variety of ways, including continuous discourse tracking. The training 
materials are interactive, providing feedback ami repetitions as needetl. Motivation and 
successful completion of tasks arc enhanced. 



Telephon e 1'iaining 

Many deaf and hard of liearing childien need to -.earn how to use the voice telephone or 
the TTY (also called TDD or Tl"). Such training includes auditory skills, language, speech 
intelligibility, comnuinication strategies, assistive devices, and intormational counseling. 

Specific objectives in\ol\e: 

1. Finding tlie best wa> loi a child to use ilie voice lelephoue ulth oi witiiout the 

hearing aid. witli oi uilhoni telei)lione amplilR-is. usuip tlu- luiuophoue oi the lelecoil 
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of the hearing aid. Ix is necessary to determine the preferred ear for telephone use, 
find the best position of the telephone receiver or supplementary amplifier relative to 
the hearing aid, and teach proper use of the hearing aid telecoil; 

2. Listening training, including telephone signals, specific numbers, names, prerecorded 
messages, role plays of frequent conversations, telephone conversations with the 
teacher, and actual phone calls to friends and strangers; 

3. Use of anticipatory strategies to structure a conversjition and prevent anticipated 
difficulties and receptive and expressive repair strategies. The child needs to identify 
talker conversational features which create difficulty and aspects of his or her speech 
which create problems for a comnninication panner; 

4. Speech production activities to improve tiie intelligibility ot the child's speech; 

5. Development of an intensity pattern code for children who caiuiot conduct open set 
conversations on the telephone. Children nuisi structure their con venerations so that 
the communication partner can respond by saying "no, yes-yes, or 1 don't know". 
Such conversations are used only for specific prearranged connnunication. For all 
other purposes, the TTY is used; 

6. Information about the telephone and ITY, including how to dial, what to do if the line 
is busy or if a wrong number is dialed, how to use an answei ing machine, and use of 
relay systems; 

7. Language training to structure a conversation using correct vocabulary and grammar 
on the voice phone or TTY; 

(Erber, 1982, 198.S; Gistle, 1980). 

Training should progress from easy to dilTicult activities. Therefore, theie should be a 
range of materials varying in familiarity and complexity, and an array of coiiversatioi\iil 
practice ranging from face to face conversations using prei)ared scripts to telephone 
conversations with strangers. Teaching activities include role plays with and without prepared 
scripts, listening games, tracking via telephone, and use of prerecorded messages. 
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Media and Materials 

Although several telephone training curricula have been developed for adults (Castle, 
1980; Erber, 1985), only one curriculum for children has been identified in the literature. Ring 
Flash (Deyo and Hallau, 1984) is a comprehensive TTY and voice telephone training program 
for elementary school deaf and hard of hearing children. It provides sequential learning, 
practice, and evaluation activities in a series of units. Didactic instruction, prerecorded 
messages, role plays, ar. j a hierarchy of practice situations are used. 

Unit 1 teaches use of TPY, including iiow to use the equipment, keyboard skills, TI Y 
abbreviations, how to send a clear message, liow to use repair .strategies. Unit 2 deals with 
the voice telephone, providing training and practice with sound signals, code systems, repan 
strategies, and listening practice wiiii single words, tamiiiar phrases, and sentences and 
various levels of conversation. Unit 3 leaclies use of the ielei)iione directory. Unit 4 involves 
rules of telephone eiiqueiio such as pvopcv ways to answer liie \elephone, identify onesell, 
handle wrong numbers, tell a person lo holtl, and vi.-rif\ a phone number, h also includes 
how to plan a conversation, respond to an answering maciiiiie, and liio iin|)oilaiice ol allowing 
time for a person to answer a call (particularly whi.Mi using liie Ti'Y). Unit deals with 
accessing operator assistance, pailicuiariy for locating phone numbers and connecting phone 
calls. 

Cric qne 

Ring Flash covers most aspects of leleplione training in a sequential fashion at a proper 
'evel for eleiiiciiUUA selioo! siiidoiiis li coiuains nia:i> a>.ii\itK-s ivle\aiu to dail> lite winch 
could be adapietl to uiieraciivo \ ideo iiiogiammiug. The Reixiir Strategies section can be 
used for training not related to telephone use. A major deficiency of this curriculum is that it 
does not contain obieeiivcs oi acii\iiies tor impioving sp(.'eeli intelligibility on the telephone. 
Also, the curriculum was developed befoie the ad\eni ol telephone relay systems and 
therefore does not coiuam uaining to use them. Since third paii\ relay systems have become 
an imponani lelephoiie eomniunieatiou nkviiaiiism. ilk- ciiiiKulum needs to be updated to 
include tlii^ i\ |v o( iiamin;j 
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Media. Materials, and Technology Needs 
Conclusions and Recommendations 
Auditory skills curricula should cover a hierarchy of auditory skills based on the accepted 
developmei\tal model. Although bottom-up and top-down activities should be included, the 
focus should be on language based objectives and activities using real life situations. 
Auditory t.-aining activities should be integrated with speechreading, speech production and 
language iraining. All activities should be interactive, provide for individual adaptation, and 
allow for expansion and remediation strategies as needed. All curricula should contain 
objectives for orientation to hearing aids and assistive devices as v/ell as assessment 
procedures. 

Although most schools for deaf and hard of hearing children have developed auditory 
skills curricula, several of which have been disseminated, for the most pail these curricula use 
a bottom-up approach. There is a need for synihoiic, language and situation based programs 
suitable for natural conversational or language experience approaches in the classroom using 
materials that are suitable for the language competence and interests of a wide range ot 
children. Simulated or actual real life situations need to be utilized to a much greater extent 
that currently exists. 

Although most auditory skills curricula contain hearing aid orientation objectives and 
activities, there is a notable absence of orientation and training materials for assistive devices 
and cochlear implants. Such materials are needed for teachers, parents, and children who use 
the systems. Although training activities are siniihir to those used for iiearing aid users, there 
are differences primarily in the areas ot use, care, troubleshooting, adjustment to the listening 
system, and development of realistic expectations. No assistive devices curricula were 
identified for children or adults. Only one coinpreiiensive cochlear implant curriculum for 
aduhs (Cochlear Coiporation curriculum) was found and this is not readily available to 
schools. Comprehensive training programs incorporating top-down and bottom-up objectu'cs 
are needed for children, teachers and parents, pariicularh for cochlear implai\ts. 

Speechreading programs for childien slunild also Iv primarily language based, using 
meaningful real life experiences. S|veelueading should be integrated willi auditor} and 
eonnnunication strategies training. Piogianis should mclude iiaining in asseriive hehavioi 
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and conversational strategies. Altliougli several top-down curricula have been developed and 
disseminated by the Pre-college programs at Gallaudet University, there is need for additional 
curricula incorporating a synthetic, interactive, integrative focus. 

Connected discourse tracking is an excellent activity for developing speeclueading, 
audiovisual, and communication strategies skills. It can also be used to improve the 
intelligibility of a cliild's speech. There is need for development of age and language 
appropriate tracking materials for children. 

Interactive videodisc technology can be used for auditory skills, speechreading, and 
communication strategies training, it is interactive, highly motivating, can provide immediate 
feedback, and can individualize instruction by tailoring stimulus presentation to the child's 
responses. Tye-Munay and colleagues have developed several videodisc programs tor 
children v^hich contain both analytic (boltom-up) and syiuheiic (top-down) programs. There 
is need for additional programs wiiich focus on reul life situations. Much of the printed 
curricular materials, including tracking activi;ies, can be ifdapled to video technology. 

Voice telephone and TTY training involve auditory skills, speech production, language 
skills, communication strategies, use of assistive devices, and infonnalional counseling. 
Although several curricula have been develoj^ed for aduhs, only one program for elementary 
school children has been identified. This program does not contain .speech prcxluction 
activities nor instruction in use of third paily relay systems, lelephone training curricula, in 
print and interactive video fomi, are needed for children. 
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ENGLISH LANGUAGE DEVELOPMENT AND REFINEMENT 
By Mary June Moseley, Ph.D. 

Introduction 

This section of the synthesis will discuss needs of deaf and hard-of-hearing children in the 
development and refinement of the English language. Emphasis will be on the use of 
language for interpersonal and functional comnnniication. Additional language areas, such as 
reading and school curriculum areas (e.g. social studies and drug education, etc) are beyond 
the scope of this review. 

In this section of the synthesis language will be defined and current models of language 
development presented. The existing research in English language characteristics of children 
with hearing loss will then be summarized, as well as principles of language curriculum 
development. Methcxlology used for examining media, materials and technology (MMT) will 
be viescribed and current MMT discussed. Finally, reconunendations for program 
development and limitations of this paper will bo addressed. 

Definitions/Models 

Language is defined as "....a socially shared code or conventional system for representing 
concepts through the use of arbitrary symbols and rule-governed combinations of those 
symbols" (Owens, 1992, p. 4). This socially shared code allows the exchange of information 
between two individuals, which is a pan of the' larger process of Comnnniication; "...tl'.e 
process of exchanging information and ideas between panicipanis". (Owens, 1992, p. 7). 
Communication includes a linguistic code and several dif ferent means of transmission, such 
as speech, intonation, gestures, and body language. The linguistic ccxle may be received anj 
expressed through several modes: speech and listening, signing, writing and reading. 

In order to be able to effectively use the linguistic code of llnglisli, the language learner 
must have knowledge of and expertise in several ditferent areas of language (Lund & Duchan, 
1993; Owens, 1992): 



<)3 

99 



Semantics (meaning), e.g. vocabulary, nonliteral language such as idioms and humor 
(figurative language), similarities and differences in words. 

Syntax and morphology (word order/grammatical information): e.g. phrase structure, 
clause structure, sentence types (question vs. declarative), forni word classes (nouns, 
verbs, adjectives, pronouns etc.) 

Phonology (sounds), e.g. production and perception of sounds, use of paralinguistic 
features (stress, intonation, etc.). 

Pragmatics (use). Using language appropriately. This involves three different aspects: 

1) Communicative intentions - the ability to get or give information from/to the 
environment. For example, a speaker uses language to give information about 
objects and people, to direct other's actions, to express feeling, to promise or 
pledge to do some action. 

2) Discourse rules - the child inusi learn the conventions of conversations in order to 
communicate. For example, he/siie nuisi be able to initiate a topic ot 
conversation, niainiain that topic, close liic conversation, take turns wuh a 
conversational partner, and repair the conversation when breakdown occurs. 

3) Taking the perspective of the receiver - a speaker must provide sutticient 
infomintion to a conversjitional panner to assure understanding of the messiige. 
For example, the speaker must lie aware of differences between conversational 
partners and choose language appropriately, based on the age and role of the 
receiver and the degree of shared infonnaiion between the participants. This is 
frequently accomplished in English by liie use of cohesive devices (Halliday & 
HasiUK 1976), words which tie sentences together, e.g. pronouns which are used to 
refer to a previously slated person or object (.ludy is my friend. She is coming to 
visit). 

A cun-ent model of the English language development prcK'ess explains the young child's 
acquisition of the above areas of language within a framework of communication of wants 
and needs. The Inieractionist perspective indicates iliai liie form of language (syntax, 
morphology, semantics, phonology) may develoj) primarily through use. that is experiencing 
the immediate environment with a primary caretaker. Tiie caretaker iielps the child fcKus on 
objects and actions in the enviroinneni, providin-j a Iraniework for taking turns acting upon 
and talking about inniiediate events. This occurs tluongli natural y^lay and daily routines and 
is a consistent on goin? process. Tiiis tiamework pun ules ;m opportunity for the child to 
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leani the pragmatics of language through the tiim-taking process while language form is 
presented through talking about experiences in which joint action and reference is maintained 
by the child and caretaker. As the child reaches school age, complexity of language form 
continues to develop through use and natural interaction (Lund & Duchan, 1993; Owens, 
1992). 

It is this .current model of language acquisition and the areas of language form described 
above that will be discussed in this synthesis in relatio'v lo the development of media, 
materials and technology for children with hearing Ic ^s. 

Research in English Ixinguage Characteristics of Children witli Hearine Loss. 

The child born with a hearing loss is at a disadvantage from birth in learning English 
through natural interaction with the environment and caretakers. Liick of auc.itory input 
provides incomplete access to tlie form of language and may effect tlie ease witli whicli 
pragmatic aspects of English are learned, tiuis effecting conununicaiive ability. 

There has been limited success in developing Englisli language in deaf children well 
enough to serve as an adequate vehicle for educational development, regardless of the 
language modality used (Quigley & Paul, 1984). This paper, however, will not discuss the 
controversy over what form of language (oral or signed) should be taught to young deaf 
children. The puipose of this paper is to sunmiarize the available research data describing the 
specific areas of semantics, syntax and pragmatics that appear to be etfected by hearing loss. 
The area of phonology (speech sounds) will be described in a later section of this synthesis. 

Although the above areas are treated separately for purposes of description, it must be 
emphasized that they are not learned or used separately, but ccx'xist in the process of using 
language to communicate. When children do not learn language on their own in naturalistic 
surroundings, language & communication programs need to bo designed to encourage the 
integrated acquisition of its various aspects (Nelson, 1993). The following studies focus on 
the development of oral-aural and written language skills in children with hearing loss. 

Semantics . The first words of young deaf children (whether signed or spoken) appear to 
be similar to those of their hearing peers (McAnally, Rose Sk Quigle\, 1987). They learn 
words representing impoilant people in their lives (e.g. nKunnia, iladiis ), objects ihey can 
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manipulate (e.g. sock, shoe) and objects and actions whose movements are eiisily identified 
(e.g. cat, dog, open, hop). However, vocabularies of young deaf children may contain fewer 
lexical items than those of hearing peers. They tend to have difficulty with English function 
words and less knowledge of common content words (McAnally, et. al., 1987). 

Figurative language is crucial to communication in English, both verbally and in writing. 
Estimates are that figurative language may constitute as much as two-thirds of spoken and 
written materials (Boatner &. Gates, 1969). The most common forms of figurative language are 
metaphors, similes, and idioms, most requiring the ability to determine siinihirities and 
differences between various attributes (McAnally, et.al., 1987). 

Hearing children who exhibit problems learning the English language demonstrate 
difficulties in figurative language (Abkarian, .louos & West, 1990; Wallacli & Miller, 1988), 
as do children with hearing loss (McAnally, el. al. 1987). C:iiiiical evidence suppons the 
needs of deaf and liard-ot'-hcariiig cliikhen in this area, |ianicularly in the use of idioms 
(Hughes & Kuerbis, 1985; McAiiails, et. al, 1987). 

Syntax. In the area of de\eloiiment of oral llnglisli syinax, ilie research indicate^ that deal 
and hard of hearing chiUlien api^ear to do\elo|i siiuihuiy to heating children, although at a 
slower rate (Kretschmer & Kretschiner, 1978; Quigle\ & Paul, 1984). They move from one- 
word to two word phiases, then to subject-verb-object sentences. 

Much of the research in the area of syntax has been with written language. Quigley & his 
associates (Quigley, et.al., 1977; Quigley Paul. 1984) have extensively studied written 
syntax with deaf and h;iid of hearing eliildien, ages 10-18 >ears. The> ha\e identified 
specific syntactic structures that are iiiobleiiiatic: the \erb s\stem, negation, conjunction, 
complementation (problems with iiifiniti\es), relati\ i/.atioii, and question formation. In 
addition, students a|)peai to u^e ;i si!b|ect-\eib-object sentence iiatiorn foi all types ot 
sentences. I)itTicult\ in writing seiilences iiaiisiates niio difilcultN in iModucing cleai written 
discourse. 

Pr agmatics. Tlieie little leseaKh to deseribe the M^e o\ commuincuti\ e intentions with 
deaf and harii of heaiin;J chiKlien. Theie is some uulic<iiioii thai deal pre schoolers use 
similar expiessions of iiiU'iUions as do heaiiir.: ciuldien il'ieii, I'^S.Sl Alliioiigli theie is little 
research on the use of diseouise luies |i\ ^luKlieu wiili hciiniv. loss, this aie<i is jviceixed by 
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experienced teachers as problematic for some deaf children (Brackett, 1983; Nichols, 1993). 
Specific areas cited as difficult are topic maintenance, appropriate topic choice and repairing 
conversational breakdown. 

In addition, there is little research showing how children with hearing loss take the 
perspective of the receiver, provide information to a listener and if they do so easily. This 
area is important to evaluate in children with hearing loss, particularly the use of cohesive 
devices (DeVilliers, 1988; Kretschrner, 1989). Cohesive devices are the words that tie 
sentences together in discourse. They include syntactic fonns such as prononiinaliz<ttion, 
conjunction, relativization, temporal adverbs (e.g. before, now, then), ellipsis (e.g. a paiii-^l 
sentence: "..on the table", typically used in response to a question), articles, and synonyms 
(Kretschrner, 1989; Lund & Ducluin, 1993). 

Pronominalization, conjunction and relativiz<uion are syntactic forms that were mentioned 
in the discussion of written syntax as problematic for children with hearing loss. These fomis 
are necessary to provide sufficient information in discourse for understanding. There is some 
indication that this area may also be problematic in oral linglisli discourse. Hughes & 
Moseley (1988), found that five college-age student.s with hearing loss demonstrated problems 
with ellipsis, relativiziUion an.d use of articles. 

The above characteristics are not all inclusive nor are they present in every individual 
with hearing loss. Research needs to be continued to examine the variety of different areas 
that are necessary for connnunication competence and to determine the specific characteristics 
found in specific individuals with hearing loss. 

Principles of Language QuTicuhnn Development. 

Using the model previously described in this pajxM, the following principles underlying 
communication curriculum development for children with hearing loss were described in the 
Report of the Second National Workshop on Language Curriculum Develoi-)nient tor Students 
with Hearing Loss in Australia (Powei l-lollingslu'ad, bJ82). 
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1. "Communication experience begins from tlie earliest moments of life. 
Communicative competence is intertwined with and dependent upon cognitive and 
social development. 

2. The child's attempts at communication should be valued when meaningful, 
irrespective of the "correctness" of their form. 

3. Linguistic competence includes phonologic, syntactic, semantic and pragmatic 
features. Communicative competence includes linguistic, non-linguistic and para- 
linguistic features. All these features of language and communication sliould be an 
interrelated part of the sclux)! communication curriculum. 

4. Initially, ...children (witii hearing loss) should acquire language through a normal 
mother-child interaction mode! (conversational approach). If a child of school aize is 
assessed as having a significant language delay, tliis conversational approach should 
be supplemented by systematic teaching based on principles of normal language 
development. 

5. The curriculinn nuist concurreiiilv provide (he I'ollowing situations in which language 
acquisition can occur: 

- conversation 

- task oriented activities (in which language development is secondary to the 
activities themselves) 

- specific language teaching (in which activities are secondary to language 
development...) 

6. The child's current linguistic competence is the starting point of any language 
program, and this competence needs to be continuously and systematically monitored 
by an adequate evaluation program. 

7. A ciirricuhun should involve a dynamic juocess in wiiicli the child actively 
participates. Since language is acquired through use, child-based activities and fiist- 
hand experiences should be the major vehicle for development. 

8. Piionological and syntactic development depend entirely on a firm foundation of 
meaning (semantics). 

9. Given that language is best acquired in ineaninglul situations with competent 
models, opportunities siiould be devised (both within and outsitle the classroom) to 
widen access to authentic interactions w ith a variety of people, taking into 
consideration a child's level of conipotence antl confidence. 

10. Language has a variety of uses for coiniiumiealixe functions and different forms ukin 
be used to express the same ruuetioiis \\hi.'ii siiudlioiis ;in<.l eonumniicalion paiinei-. 
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vary, just as different functions may on some occasions be expressed by the same 
form. It is imptirtant that children acquire these pragmatic features of language." 
(Power & Hollingshead, 1982, pp. 5-6). 

In summary, these principles indicate that children with hearing loss need to be given 
continuous opportunities to participate and use language through communicative interaction 
with others in their environment. At the sjime time, they may need assistance in refining 
specific areas of language. 

This model for cuniculum/program development is consistent witii other ones used in the 
field of Speech-Language Pathology for hearing children with language delays; for example, 
McLean & Snyder-N4cLean (1978) discuss a transactional approach, Owens (1991), a 
functional approach and Nelson (1993), an integrated ss'steni. This approach has been 
encouraged for deaf aiul hard-of-hoariiig >.chool chiKlreii (Boniiickson, 198.^; Hodgeiis, 1982; 
Hollingshead, 1982). In addition, a inoilol foi Aural Rehabilitation with adolescents and 
adults proposes integrative connnunication therapy centering on fmictional connnunication and 
specific arejt refinement (Wilson, et.al., 1990). These principles are applicable for individuals 
of all ages, from infancy through high school. 

Inherent in these principles is the inclusion of other comnuniication skill areas. For 
example, auditory skills, speechreading skills, sj^eecli and voice, sign connnunication, and 
technology all must be considered for a comj^lete progiam, as well as the language areas 
discussed in this section of the synthesis. 

Specific Questions to be asked in this synthesis about language materials and techiiologv. 

1. What kinds of materials and technology are being used by professionals to develop and 
refine l-Jislish language use in children with hearing loss'.' 

2. Do the existing inaleiials antl technology meet the ciiteria of the j^i iiicij^les of intervention 
describeil above 

3. How can iiev\' inaieriaU and technolog>- best meet the needs of chiklren with hearing loss'' 
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Methodology 

Several methodologies were used in identifying programs and technology used with 
children with hearing loss. 

1. An computerized ERIC search was conducted. The following key words were entered in 
various permutations: hearing impaired, language, software, deaf, program, computer 
assisted instruction, software. The computer search ic'entified appropriate responses from 
January, 1982 through December, 1992. 

2. Specific journals were further examined for pertinent articles published since January, 
1982. They were: Tlie Volta Review . American An nals of the Deaf, ^ounia' of Speech & 
Hearing Research . Jo urnal of Sne erh ^ Hearin g Disorders . Languaoe^ peech and Hearing 
Services in Schools . Journa! of ComiMiier Users in Sive ch & Hearing. 

3. Selected individuals, who have current contact with deaf ciiiklren, were contacted to 
discuss types of prograiiiniing used. 

It is clear from additional review of reference lists and publishing catalogues that many 
printed and technological materials purport to deal with language. The review of materials ni 
this paper is not intended to be all-inclusive, but to include those that are moM conunonly 
used and that demonstrate program tliversity. 

Materials reviewed in this synthesis are lepresentaiive of the available programs that are 
used by or recommended by Speech-Language Pathologists. There has been no attempt to 
examine reading cmricula, or other language materials that may be imponant for teaching 
content information in classrooms for deaf and hard-of-hearing children. 

Printed Langtiage Materials/Programs 

Parent -Infant Programs . The use of iirograius designed lor infants with hearing loss and 
their parents has become an important part of education and siieech-language services Hruce 
(1986) surveyed 55 parent-infant programs to detcrniine the maii-rials that they used. Ot the 
respondents, approximately 6191 of the programs us.-d tlie SKlMll luaienals designed at the 
University of Utah ((Mark & Watkins, 198.S). 

The SK1*HI progiam was the result of twelve soars ol u'soaieli. de\elopmeni <iik1 
e.xperionce It is a holistic appin.icli lo home pio;.MaiiinMii;j Um Ikmhii- uiipanal dnlduMi and 
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their families and includes screening, referral and diagnosis as well as family training. The 
home visit curriculum includes: parental readiness, psycho-emotional support for families, 
planning and refKirting home visits, hearing aid program, communication program, auditory 
program and language stimulation program (with parental choice of either aural-oral or total 
communication). (Clark &, Watkins, 1985). 

The home communication program focuses on information to be given to the parents. It 
includes information which emphasizes the imix^rtance of communicative interaction; how an 
inlant learns to communicate and what signals are im{X)nant for conmnniication; why and 
how a child communicates; aspects of parental communication such as speech adjustments 
mothers make when they talk to their children (niotherese); the iniponaiice of interaction and 
conversation; and reinforcement, hi addition, connniiiiicatioii mode, aural-oral or total 
communication is discussed in order to help the parents uuike infonned decisions about the 
mode best suited to the family and child (Clark & Watkins, 1985). 

The home conununication program also includes skill lessons for parents which emphasize 
three areas: 

1. Establishing an effective communicative setting by minimizing background noise, 
encouraging the child to explore and play, serving as a comnumication consultant by 
encouraging the child as he/she plays and explores, using interactive turn-taking, 
getting down on the child's level, maintaining eye contact and directing conversation 
to the child. 

2. Establishing effective non-verbal connntniication by use of lacial expressions, 
intonation, natural gestures and touch. 

3. Establishing effective verbal comnuuiication by responding to the child's cry, 
stimulate babbling, identifying and responding to comnumicative intents, using 
conversational turn-taking and using nieaninglul con\ersation. 

The Home Language Stimulation Program is based on the following fundamental language 
assumptions: 

1. Language involves the interaction of: (a) conieni - what a child eonnnunicates, (b) 
form - how a child eonnnunicates, (e) use - \vh\ a child eonnnunicates. 

2. Natunil pareni-ehild intoiaotions autl ctmveisaiion^ aie the processes for language 
developmenl. 
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3. Normal language development should be the basis of the content of the program. 

4. Language behaviors are an essential means of assessing language levels and 
progress. (Clark & Watkins, 1985) 

The Aural-Oral portion of the stimulation program focuses on skill levels designed to do 
the following: 

1. Use conversation in four language areas: child care activities, parent task activities, 
child initiated activities, and parent directed activities. 

2. Select appropriate target words and phrases: vocabulary related to tlie specific 
experiences and needs of the individual family. 

3. hicrease use of target woids ami iiluases. 

4. Reinforce cliild's expressive language. ■ ■ 

5. Expand child's language attempts. 

6. Maintain naturalness. (Clark & Watkins, l^S.^i) 

The curriculum goals, as stated, meet many of the inline ii^les of program development as 
described earlier in this papei, iMoviding language in a natural conte.xt. A jiositive feature of 
the language stimulation program is the ability to modify the specific lessons to meet the 
needs of individual families. Flexibility to provide for individuality is iiiherent in the concept 
of "naturalness". In addition, provision of the needs of culturally different clients (Damico & 
Damico, 1993) can be accommcxlated through a program such as SK1*H1. 

The early research done at Utah suggests that the SK1*H1 provides effective ways to work 
with parents (Clark & Watkins. 198.S). Research iiuo the elTicac) of this program is 
continuing. Data sheets are provided to parents and iiiotessionals to lioli^ track the progress 
of the child and the parents. These data are submitted once a year to the Evaluation Research 
Center at the University of Virginia, for ongoing analysis (Clark & Watkins, 1985). However, 
no published results of this longitudinal data were identified in the search conducted for this 
paper. 

There is a need tor programmatic research in the Held of deaf education and such research 
should phiN an active role in the devHopmeiil and um' oI iu-vv maioiuils (Mooies. 198.S). 
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C'jnent discussion regarding the "best" way to help young deaf cliildren develop a language 
base, questions the desirability of providing an English oral-aural program to children with 
severe hearing loss (Johnson, Liddell, &. Ening, 1989). Since little research is available to 
show longitudinal progress in any type of developmental program, continued research and 
evaluation of existing and newly developed programs is essential. 

The Bruce survey, identifying parent-infant ]5rogram resources, did not specify what 
materials were used by the programs not using SK1*H1 (39% of the programs), in her article, 
Bruce does list 10 additional resources appropriate for parent-infant programming: 40% of 
those materials were related to infant development, but not specific to hearing loss (Bruce, 
1985). 

Programs for Sclux')l-Age Ch i ldren. Several iiklivitiuais have untienaken surveys to 
examine the kinds of instructional language nuiterials used with deaf and iuird-of-hearing 
students in schools (King, 1984; f\wer & Hollingshead, 1982; Takemori & Snyder, 1972; 
Wathum-Ocama, ;992). 

Takemori and Snyder (1972) surveyed representing ten schools for the deaf in the United 
States, and found 30 different types of printet! inatei ials which were quotod as being used by 
the language teitchers. Only seven were tlesigned for deaf chikireii and only three of those 
were specifically designed at schools for the tieaf for each school'v population. Respondents 
to the survey worked on English language through the written nuxle, using cieative writing 
and correction of written English syntax as major methodologies. Takemori & Snyder 
concluded there is a basic need for materials designed for children with hearing loss tliat 
would assist teiichers in workiiig with written English. 

King (1984) conducted a national siii vey to deteiinine methods used to teacii English to 
children with hearing loss. Of 233 responses, nK)M jirevcliool jirograins tiescribed tiieir 
instructional approach as natural (emphasis on colloquial and itliomatie language) or a 
combined approach .ising natural and structural (the siud\ of grammar and syiuax) methods. 
Programs at the higher levels, primary, intermetiiale, junior high and high school used fewer 
exclusively natural approaches and moie structural ajiproaehes. It was not clear whether oral 
or written grammar and syntax was emiihasi/ed. Both o\ the siudies. howevei', aiijx'ar to 
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emphasize that teachers are einpliasizing specific skill areas, panicularly syntax and grammar, 
at the school level. 

More recently, Wathiim-Ocama (1992) surveyed instructiona! language materials used in 
programs for deaf and hard-of-hearing students. Sixty-seven percent of the 68 respondents 
indicated the biggest problem v^as finding available age and interest -appropriate materials. 
Forty-three percent of the respcMidents noted a lack of emphasis on appropriate skills, 
although these skills were not defined. Sixty percent of the individuals surveyed designed 
their own language materials, while 37% cited the Apple Tree program as dieir instructional 
language guide (Anderson, Boren, Caniglia, Howard & Krohn, 1975). The Apple Tree 
program emphasizes use of syntax and grammar (King, 1984; Power & Hollingshead, 1982). 

The conclusion could be drawn iVoin above surveys, that many language materials 
used with deaf and hard of hearing school-age chiklren are materials relating to specific areas, 
with panicular emphasis on syntax and grammar, in the following section, several issues 
related to specific teaching areas will be discussed. 

Specific Areas . Syntax and grammar progiams frequently involve identification of 
subjects, verbs, pronouns, nouns, etc. Such idemificatioii of language elements constitutes 
metalanguage : language used to talk about language (King, 1984). Children 's awareness of 
the structural aspect of their language and thu^, the ability to talk about language, appears to 
develop around six-seven years old and contiiuies through the elementary school years (Smith 
& Tager-Flusberg, 1982). For this leason, careful attention uuist be given to the suitability of 
specific area programs in the area of syntax for use with young school children. 

Power & Hollingshead (1982) make several reconnneiulations for the use of specific area 
teaching programs. They indicate that preschool children and some children with very limited 
linguistic competence may not be re;idy for sjx'cific teaching approaches, and that specific 
teaching not make up a significaiit portion of the school day. They encomage integration ot 
specific areas with each other and with regular curriculum and classroom interaction. 
Following is a discussion of selected programs iclated to specific area teaching. 

The Test of Svnta clic Abilities (TSA) {Quigle>, Steinkamp, Power & .lones, 1978) a 
diagnostic kit with a parallel tcaehini: |)rt)grain. TSAJ^VutiixJ'logiiLLn (Quigloy & Power, 
1979-81). The TS.'\ ba^cd on a d \ear ^tud\- of ehiUlieii with hearing lo^s 10-18 year^; of 
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age. The test evaluates nine different syntactic areas: negation, conjunction, question 
formation, pronominaliziition, verbs, complementation, relativization, disjunction & alternation 
(Quigley, Power, Steinkamp, 1977). 

The program provides a set of materials representing each of the nine areas. Interactive 
activities for teaching the structure are presented, as well as specific Workbcwks for each 
aspect of the structure, to be used as follow-up activities (Power & Hollingshead, 1982). In 
accordance with the interactive principles described earlier, the activities are seen as the 
primary teaching/learning core of the iiiogram. Students ate presented witli a variety of 
sentences with different meanings, but luiving the same underlying structure. The intent is to 
encourage the student to deduce tlie rules of the giamnuu . According to Power & 
Hollingshead (1982), the program addresses three ol tlio si^ecific areas of language: 
semantics, syntax, and pragmatics (tluougli tlie iiiteiactivc teacliing methods). They fuilher 
indicate this program may be used as a nuxlel tor tlie devvloiinient of otlior materials suited to 
the specific needs of the students being taught. 

This program relies on reading and writing and is lecoiiinieiided for use with children 
ages 10 and above. The syntactic structures that arc presented in this iirogiam are also 
relevant for learning the use of cohesion and can be used for si)ccific written discourse 
teaching. It appears this program does ':ombine several language areas, while emphasizing 
syntax. Although the TSA itself was devolopeil at'tei e.\ieiisive research on children with 
hearing loss, no journal ailicles weie foinid which adihessed the success of the teaching 
methods accompanying the evaliKition tool. 

It is clear from a review of publishers catalogues that \ocabular> and figurative language 
programs do exist, but this search did not iilentify any six-cilically designed for children with 
hearing loss. Power & Hollingshead (1982) indicate the e.\iMeiice of few specific programs in 
the area of semantics which are designed tor cliiUiren with hearing loss. They finlher 
recommend the development of inogranis which lake into account cultural tactors. interest 
level, and represent ciinent e.xperieiice. IIk-u gimieliiK's iiiler the need for fiexibility m 
programs designed to teach vocabulars and figiuative language to childieii with hearing loss. 

Nippold, Scliwai/, <^ Lewis (19^)2) snggi'^i ihr rollowiii;j ijindelincs in the dexeloimient ol 
fiiiurative language inogiaiiis loi luMiiiiL' cinldieii who h.wr dillK uh\ in this aiea 1) 
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Comprehension of figurative language improves gradually througliout childhood, adolescence 
and into adulthood, therefore, children should not be expected to master many different 
figurative expressions in a short amount of time. 2) Comprehension appears to improve when 
figurative expressions are presented in meaningful and supponive contexts. For example, 
children generally find proverbs more difficult than metaphors, similes or idioms. Lessons 
should gradually move from easier to more complex tasks. McAnally, et. al. (1987) indicate 
the need for activities based on recognizing similarities and differences between various 
attributes, since most figurative language is based on comparison. Tliese guidelines are 
consistent with some of the principles for programming described earlier. 

Specific areas of pragmatic s. Learning the rules of conversiition is one aspect of 
pragmatics, as defined in tlie beginning of iliis paper. Deyo & Halhiu (1983) developed a 
program entitled Coninuinicaie wiili Me: Coii\ or-^;iiioii Sirak-gieN lor Deal' Suide niN. The 
puqjose of this program which focuseN on Ntucloiit-to-aduh interactions, is to help deal 
students improve their conversiition skills. It includes seven units covering the tollowmg 
areas: 1) selecting appropriate topics and connnunication methods, 2) gaining attention, 3) 
turn-taking, 4) ending conversatiouN, 5) repair strategies, 6) niaintaniing and changing topics, 
7) combined practice areas from all units. 

The Comnuinicate with Me program wa-^ de-^igned tor suideius 7-15 years old. The 
program uses role-play activities, visuals in the lorm of pictureN, cards and books, as well as 
checklists for rating .self or others through \ ideo-tape analysis. 'Hie stories in the books and 
the pictures represent every-day lil'e situations encountered specifically by deal students. For 
example, one of the role-play activities descrilx-N a situation in which the student must 
approach a deaf principal, begin a conversation about selling copies of the school newspaper 
and then end the coiuersatioii (Deyo Hallau, I9S3) 

This program addiesses a speeilic aiea laiipucrje wiiliiii a coii\erNauonal loriiiai. In 
addition, it provides pictorial reiiieseiitation ot the acli\ities a-^ well as discussion. Ihe use c 
visual/pictorial design in instructional mateiials loi cliildieii with hearing loss is desirable 
(Diebold & Waldron, 1988). The Moiies and piciuie-^ aie iele\aiit to exi)eriences of deaf 
children. The tle.xibilitv of this iiiogiam i)io\id..'s ihe poieiinal loi iiiteiiiating otlici areas ot 
lauiiuam' (o.o. seinanties. piagiualie uuemioiiv (.-u- ) iiuo ilie esiMiii;j le-^--oiis 
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No written evaluation of the Communicate witli Me program is identified. However, a 
similar program, using role-playing and video analysis, was tried for 18 weeks with 12-13 
year old deaf children in Queensland (Minphy Sc Hill, 1989). The fcKus of this program was 
on communicative function and included initiating and maintaining conversations, as well as 
specific functions such as asking a favor, how to cope with being teased, how to make polite 
queries, etc. Analysis of this program indicated improvement and awareness of the skill 
being faci'»tated as well as generalization to other spontaneous interactions. 

There was no evidence of specific programs designed for working with the pragmatics of 
taking the perspective of the receiver. However, there is informal clinical support that 
teaching the use of cohesive devices in F.nglisli is effective in providing for the needs of the 
receiver in verbal English as well as written English (Hughes & N4oseley, 1988). 

Technology 

Trachtenberg (1986) discussed applications of comi)uters in working with deaf children. 
She divided computer usage into three major areas: 1 ) The computer as tutor. The tutor 
mtxle is often referred to as Computer Assisted Instruction (CAI) and usually involves a 
programmed presentation of subject material, stutlent response, evaluation of student response 
and determination of wliat to present next. 2) The conijnitei as "tool". In this mode, the 
computer is used as a word processor, a data base that has been progranuned to organize and 
retrieve materials, or a calculator or spreadsheet. 3) The computer as a "tutee". In th.is 
mode, the student or teacher must leani to program the computer. 

Larson & Steiner (1985) discuss the use of the coniiniter as tutor and tool, indicating that 
in addition to drill, practice and tutorials, the computer nuiN be used tor; 1) sinuitation of 
situations related to real-life; 2) instructional games which sluiipeii note-taking abilities, 
ability to follow directions, hypothesis testing, and causo-elTect relationships; 3) problem- 
solving activities permitting users to divide tasks into small steps; 4) exploration and 
discovery, where the user can pose questions, make tiocisions, anti sohe jiroblems. 

Rose & Waldron (1984) conducted a survey of microcomputer use in programs for 
childion with hearing loss. Microcomputers were useti by 5I'X of the 342 programs 
surveyctl. Seventy pt-rcent o\ the computer use tieseiibed |i\ the lespDndeiUs was CAi, which 
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they defined as involving drill and practice. Tutorials, defined as the presentation of materials 
and questions to students, were also used. 

Technological innovations have led to the use of the videodisc which provides capability 
for random access to materials on the disc. This allows educational programming where 
students can leani to locate specific learning sequences. In addition, the interface of 
videodiscs and computers can to create visual material which interacts with dialogue 
(Withrow, 1981). 

More recently, technology has moved in the direction of more interactive teaciiing through 
what is known as hypermedia learning. According to Jensen (1993), hypermedia learning: 
"....entails interactive and nonlinear navigation through learning material that reaches students' 
senses --seeing, hearing, touching, smelling" (.lensen, 1993, p. 8). Clymer (1991) lunlicr 
defines hypermedia a-< the use of dale, text, giajihics, video, and voice as components iii a 
hypertext system vvitli all the \arions loiiiis of inioiination linked together so thai a user can 
easily move from one to another. The ke\' factor in this learning is the joining of broad-band 
networks where a computer may be in one state, learning materials in another and groups of 
learners located at different areas around the country. This type of multimedia networking 
encourages social interactions and pro\ides a i)roinising avenue for language learning. 
(Jensen, 1993). 

Principles for integration of C-Al into language pro'jranuiiing. 

The computer search for this synthesis did not yield ailicles evaluating the use of CAl, 
specifically software programs, for children with hearing loss. However, an analysis of 
publishers catalogues and discussions with speech-language jiathologists confirms a plethora 
of programs designed for teacinng asi)ecis of the linglish language to iiearing students. Some 
of these programs ma\ he adainable foi deaf an<l hard of healing ciiildren. lixamjiles are: 
Figurative Langua ge (Abraham, 19S4); Words (K: C oncepts 1! (Wilson i-'ox, 1993). Rather 
than focusing on sjiecific piDgiams, the following section of the paper concentrates on general 
principles to cousidei in the design ol language jirograms lor C.A\. 

Steiner I'v: l.arsDn liis^uss giiul(.'liin.'s foi integiating cominiiei technologs into 

language iiueixenti.m wiili ehiKluMi riieii locus is on uhai eilucalors and s]ieeeh-language 

1 

114 



pathologists need to consider about technology in order to provide a functional program for 
children. 

1. The focus of intervention should remain on the client. Software and hardware 
should allow clients to fcxus on the content ratiier tiian on tlie computer itself. 

2. Computer programs should be used within an integrative model; embedding these 
activities in the context of tlie client's total language program. 

3. Theoretical principles must be considered when using computer programs. For 
example, drill and practice with software would not be used if drill and practice is 
not appropriate with other materials. 

4. Computer-delivered stimuli. Stinuili can generate excitement from children through 
colorful and animated graphics. The stimuli must be easily identifiable by children, 
and tlie graphics must move slowly enough foi children to itientify. 

5. Computer-delivered responses must be appropiiaie for the chilii. For example, a 
program that activates a speech syniliesi/'.er when a conect response occurs, would 
not be appropriate for the child witli a liearing loss. 

6. Computer-delivered reinforcement. Children enjoy tlie experience of controlling the 
computer and being rewarded. However, reinforcement may be tiine-coiisuming, 
may always employ a 100% reinforcement schedule, or may be distiacting to 

St udents. 

7. Because functional coiiiinnnication is importani iti emphasize in language programs, 
a clinician's presence is needed so his/her observations can serve as a continual 
foundation for adjustment of language goals. 

8. Software should be flexible enough to serve multiple goals, for example, one 
program might include production of appropriate answers to Wh questioiis, 
generation of subject-verb utterances, and production of tiiscourse to ie!l a story 
about events displayed. Thus, a |")rograiii iiiiegraies selecteti, semantic, syntactic ani 
pragmatic aspects of language. 

Nippold,Scliwarz and Lewis (1992) add to these guidelines the need to fieki test new 
software through rigorous treatment efficacy research. 

Interactive computer programs for cliildien \\ iili heaiing k )ss. 

Priiiz. Pemberton & Nelson (198.S) discuss the ALPHA niieroi.i)m|ituor sysioni wlii'-li 
einpliasi/es (>\p|()i;iU)iA Icarninjj, latlu'i llian inomainuicd insimciidn I his ;i|ipidacli in\'ol\e 



1 09 

115 



an interactive computer system that allows tlie child to initiate communication to a skilled 

teacher about a topic of interest. This is done by a combination of printed words on a 

keyboard and any available language mcxle, such as sign, speech, etc. The resulting system is 

one described by Prinz, et. al. as the teacher-plus-child-plus-computer system. 

The ALPHA lessons contain four primary modules: individual words, creating sentences, 

testing words, and testing sentences It was designed to familiarize beginning readers with 

basic grammatical sentences. Vocabulary words are presented, using graphics, children can 

then create noun-verb-noun sentences using tliat vocabulary, for example; DOG CHASES 

RABBIT, or ALLIGATOR EATS COOKIE, with resulting animated graphics. Sign language 

representations of the words are also available. Once new vocabulary is presented and 

sentences are created, the teacher can swiicli to tlie testing modules and assess the ciiild's 

competence (Prinz, et.al., \9S5). In addition to computer mediated learning, conversations 

about the images on the screen can occur between tiie ciiildren and teachers. 

The creation of a program which encoiuages interaction between the teacher and the child 

is desirable for naturalness of conversation. Tiie ciiildren iiave some control over choice of 

semantic and syntactic forms. However, the ALPHA program itself, limits the types of 

sentences that can be constructed as well as tiie vocabulary invoiveci. Specific suggestions for 

integrating other language areas are not available. 

Interactive videodisc systems have been used with ciiildren with hearing loss in an 

extensive project at the California School for the Deaf at Riverside (Brawley & Peterson, 

1983; Osksa, 1987). Student goals for this project included; 

"Improving students' skills and inidersianding of the language stiiictiues evaluated by 
the Test of Syntactical Abilities. 

Building student^' vocabularies. 

Improving students' skills in sequencing events, recognizing correctness in grammar 
and syntax, question response, categorization, spelling, capitalization, punctuation, and 
sentence construction" (Osksa, 1987, p. 78). 

The system involves an authoring progiani for teacliois which jirovides for the creation of 
individual lessons in a short period ol' tiuK- Tlk' li-ssons are ukMiii tln\en. each consisting of 
a series of t|uestions lehiled lo iinpio\-in,<'. suhKmUs' l;ni;Mi;i'H' skills VUc U'.k'Ik'i iu;i\ docidr 
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the type and number of questions to use for each individual and may use any combination of 
skills described above (Osksa, 1987). 

The students are then exposed to the videodisc, .wi\icii includes a variety of video 
sequences used for the language principles chosen by the teacher. The computer permits 
student input and monitors student understanding and progress (Brawley & Peterson, 1983). 

The videodiscs describe the experiences of an old miner and his friend. They visit places 
and are involved in activities that one would expect to encounter in everyday life, including 
the use of sign language. The visual sequences incoiporate teaching of concepts from the 
TSA. The software allows questions in each lesson, which determine the degree of difficulty, 
to vary. Such flexibility makes the visual sequences appropriate for a variety of age levels 
(Osksa, 1987). 

This program teaches specific syntactical concepts known to lie diificuh for children with 
hearing loss, in adilition, it jiroviiles \isual uipm, llexihility tor use with children of different 
ages, and choices about the specific areas of syntax to be taught. Although a stated goal of 
the program is building student vocabularies (semantics), it is not clear how that occurs. 
Teachers have choices about specific areas to be taughl. bnt ihe choices are limited to the pre- 
programmed forms. 

Netw-ork based programs are ciirrenlly being useil ai all age and grade levels with children 
having hearing loss (Bruce, Peyton. & Batson, 1993). The ENFl (Electronic Networks for 
Interaction) approach was developed at Gallaudet University, Washington, D.C. in \9S5. The 
purpose of this program was to gi\e iloaf students opponunities to use written Englisli in 
differing ua\s. 

The process of the network Ixiseil program involves opiH)nuinties lor several mdividuals 
to engane in ongoing "leal-iime" dialogue. Messages are composed hy individuals and 
transmitted to all other screens in\olved in the network. As inilividuals type and send 
niessages, the messages scroll up the screen, with the name of the sender attached, forming a 
script similai to thai of a play. While individuals compose on a private window at the bottom 
of their screen, othei messages from class members conlinue to scroll up the screen. 
Paiticip.mts can lead ()ievious messages, as well as conlinue i.omposiiig ik-u ones. (Hiiice, et. 
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al., 1993). The computer stores the entire conversiition, so tliat it may be reviewed at any 
time. 

The vision for the development of this program includes tlie following concepts; 

1. New social dimensions in the classrcxim. This program would involve new roles for 
both teachers and students in the clas'.room. The teacher would become more ot a 
collaborator, instead of a lecturer and student participation could be more equally 
distributed. 

2 Writing for authentic purposes. In this context, writing would become more 

conversational and less formal. Students would be able to use communicative intents, 
such as persuading or informing in "real-life" situations; practice initiating and 
temiinating topic areas and negotiate meaning. In addition, students could compose 
text and learn to move easily from one type of connnunication to another. 

3. Immersion in a writing comnianit). Wriiing would be done lor a present audience, 
immediate feedback on ideas coiikl be received, and more iVoedom and vaiiety m 
writing coukl occur. 

4. Collaboration in writing. New approaches to writing may be developed. Participating 
individuals may think and plan togetlier and then write individually. 

5. Writinn across the curriculum. It is iwssible that \k ruing in such a inannei may 
accomplish goals in curriculum content areas such as math and histor\. (Bruce, et.al., 
1993). 

Bruce, et. al. (1993) discuss how different facilities use i:Ni-l. Tlie\ iliseovered the 
following six different "realizations" or groupings. 1). Discussion: students represented tlieir 
own ideas by engaging in open discussion, cross-age tutoring, eoiitrontatioii ol issues, analysis 
of data, discussion of texts, therapeutic discourse, brainsioriiiiiig and pieuiitiiig. 2). Role- 
playing: students did not represent themselves on the network, but adopted roles, either by 
choice or for an assignment. They created dramatic iModiktioiis and beeanie involved in 
specific role-playing scenarios. 3) Response to suident u riling Teachers engaged in one-to 
one dialogue with students as well as shilting Irom one suideiit lo ;.nothei and students 
worked together as peer resiionse groui^, evaluating and eiiiiiium;.: each othei 4) 
Collaboration in writing text, 5) Language games such 20 guestioiis, and b) Distiibuting 
text to be used for later discussions 



1 1 ;' 

118 



The ability to create natural coiiversjition and dialogue is emphasized in network based 
programs, hi addition, there is potential tor working with many forms of language: 
developing narratives; using syntax and semantics; using pragmatic abilities such as the 

expression of different intentions; cohesive devices; and rules for conducting discourse. j 

t 

In two separiite studies, the use of interactive conversational writing and writing about 
exp>eriences with no correction of syntax, were shown to result in improvement in the use of 
syntactic skills (Harrison, Simpson & Stuart, 1991; Staton, 1985). These studies did not 
involve computers. Staton (1985) described the use of a dialogue journal, where the student 
and teacher passed a iiand-written notebook back and fortii. She hypothesized that functional 
interactive conversation can he created through writing rather than face-to-face conversations, 
and correct grammar can emerge through the experience. Harrison, et. al. (1991) indicated 
similar findings using non-corrective writing. 

The value of interactive writing programs is well wonh investigating using continued and 
careful efficacy research. The ENFl program described above is clearly applicable to older 
children. How network programs may bo used for young children learning to write is a 
challenge for the future. 

Reconnnendations. 

Following are reconnnendations tor future develoiiment of MMT for children with hearing 
loss. These recommendations are based on the information jiresented in this section of the 
synthesis. 

1. The specific iiroblems of children with hearing l()>s are not well tlefined in the 
literature, nor is there agreement t)ii how best to encoinage the developmein of 
English language in these children. This suggests a need for prf)gram developers to 
wf)rk closely with researchers to help determine the most imponant elements to be 
considered for program develojiment. 

2. Little longitudinal evaluation to show the efficacy of programs which punxw to help 
the infant/young child with hearing loss ciewlo]-) Mnglish language are available. 
Sucli evaluations can be Iniilt into progiaiux. ilieieb) jiroMiling guidelines for futine 
adiusimcni^ and dexeKipinent 
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Some programs viewed as "language" programs by professionals, are limited to only 
one aspect of language, e.g. syntax. Althougli it may be appropriate to work on 
syntax with certain children, it is desirable to clearly indicate that such a program is 
limited in scope and addresses only one specific aspect of language. 
Specific or task-oriented teaching is, by itself not consistent with a current model of 
language development. A conversatioiUi! interactive-functional approach in which 
children are involved in dynamic comnumication exchanges is encouraged. This 
would necessitate funlier development of materials wliich are related to everyday 
experiences and the process of communication. 

Programs do not consistently identify tlie iheoretical base on wliich they are 
developed. This suggests the need for a careful consideration of the model on which ' 
specific materials are designed and the inclusion of such information in the materials 
themselves. 

Professionals working with children with hearing loss, view the availability of age 
and interest-appropriate materials as a problem in selection of instructional materials. 
This suggests; 

- A need to consider ditferent de\elopniental le\els for materials development, and 

- A need to design instructional materials which lepresent exi^eriences that are 
appropriate for children with hearing lo.ss, for example, stories that tell al<out the 
lives of deaf children. In addition., cultural diflerences (e.g. Spanish, Black) need 
to be considered. 

[-"rofessionals working with childien with hearing loss note a lack of emiihasis on 
appropriate skills. This would suggest that within specific language areas, materials 
need to be developed that addiess problematic aspects of language, e.g. figmative 
language, specific aspects of syntax such as proiioii'.inalization and other areas 
discussed in the leseaich. 

This syitthesis eniphasi/.ed the need lor pi\)grains lo address se\eral specific areas of 
language simultaneously. Tlur . a smgle piogiani or set of materials would have 
multiple goals, e.g. in the areas of synia.x, semantics and piagmatics, and would 
liro\'ide tor interaeiion of iiuilliple skills 
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9. Programs in specific skill areits may involve the ability to talk about and evaluate 
ones own language. This ability, called metalanguage , has been shown to develop 
throughout the elementary schotil years. Thus, careful consideration of 
developmental levels is impoiiant when using such materials. 

10. It is recommended that specific teaching approaches not make up a significant 
portion of the school day. When .specific materials are developed, they could 
include sugge.stions for incoiporation into the regular curriculum and ciassro<.")in 
activities. - — 

1 1. Some MMT do not rely on visual input as much as would be desirable. Children 
with hearing less are dependent on vision to illicit infoMuation; thus the need for 
appropriate visual stimuli is crucial. 

12. Programmed iii.st ruction (such as C'Al; ina\ not iMoxiilo enough flexibility tor 
individualization. Incorporaling teacher panioii).iiiuii \\no loclinical programs with 
suggestions tor integrating such lossous iiiio ilie cuuie.Ki ol' iho classroom would be 
appropriate. 

13. Many technological programs ha\'e liniitoil human interaction. The continued 
examination and development of network based programs provides an opportunity 
for social interaction at the written level. 

14. Most of the technological iirogranw art' used \viih scliool-age children to refine 
English language skills, ll is inipoilani \o cxanunc how MMT ina> be used in the 
future to help develop a strong language base loi chililren during infaiic)- and pre- 
school years. 

15. Continuing research in language ilexeloiMueni uill biing about a new understanding 
of the i^rocess of develoi)nK'nt. This sugiieMs iIk- need to ileNi;jn progianis which are 
able to be modified anil reviseil o\oi tiukv 
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Limitations of this pap er. 

The complexity of language itsell makes a thorough e\aliiation of "language" prograiib 
difticiilt. Language is involveil in mental i^roeessos sueli as nu'nioi\-. puihlem-solving. 
infereucing, etc. Theie are piobabU nunn jnoiManis ;i\ail,ihU' iliai addu'ss ihosc s|vcilic 
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areas and bear on the development and refinement of language use. in addition, there are 
curricula developed for reading and teaching of other content areas. These areas were not 
included in this research synthesis. 

In addition, the use of MMT in preparing parents to assist their deaf or hard of hearing 
children in the development of language was not included in this review. Also, the issue of 
"what kind" of program (aural-oral, Cued Speech, ASL, etc.) is most likely to encourage the 
development of a strong language base tor learning is beyond the scope of this paper. 
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Media, Materials, and Technology for the Development of ASL 



Eliztibeth A. Winston, Ph.D. 
INTRODUCTION 

This section of the synthesis focuses on the media, materials, and technology related to 
American Sign Unguage (ASL) as it is used in the education of deaf children. The use of 
ASL in education is controversial at this time and has only recently been accepted into 
classrooms as a primary language of education. Because of this recent acceptance of ASL, 
there exist limited resources for researchers, teachers, and parents in tlie areas of acquisuiou 
studies, ASL teaching, effectiveness of education tinough ASL, as well as in the areas 
specifically targeted by this synthesis; media, materials, and technology. 
This synthesis focuses on two areas: 

1) A review of proposed curriciiliiiii that advocate the feachin}> of ASL as the first 
languaf-e of instriieuoit for deaf children. Only one such proposal exists at this 
time. Unlocking the Curriculum: Principles for Achieving Access in Deaf 
Education (Johnson, Liddell, & Ening, 1989). li projxises a philosophy for deaf 
education that endorses the use of ASL as the first language of deaf children, 
and proposes that English be taught using principles of second language 
teaching, thereby providing access to printed academic materials in En.glish. 
Tliis review is followed by a recommendation for accepting the basic guidelines 
and suggestions of Uiilockiiii> as a staining point for further research and 
cuniculum development in this area. 
2) A review of e\istini> media, materials, ami technoloiiies related to the teaching of 
ASL. As in the review of curriculuin, there is a scarcity of such material;. most 
consists of vocabulary lists of ASL signs. The few materials that have been 
specifically developed are for teaching ASL to second language learners. I 
review two programs tliat do exist in inoie depth: both have been develojied with 
an understanding of language acquisition processes and have been intuxiuced 
with the inieiition to evaluate the elTectiveness ot the materials as tlie\ aie usod 
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Topics not included in this review: Tliis review is intended to discuss the use of ASL as 
a language in education. 1 have not investigated media, materials, or technologies related to 
English signing systems such as SEE il or Cued Speech. Both of these invented systems use 
manual suppon (either signs or cues) to aid children in speechreading and English 
development rather than ASL development. ASL is a language that has evolved naturally 
within the American deaf community as the common language of the community, it is a 
language completely distinct from English, having its own set of linguistic and pragmatic 
rules and structures. It is not, as many educators and researciiers believed in the past, a 
broken or inadequate representation of English (See Lane, 1984, 1992), for a discussion of the 
gradual acceptance of ASL as a language.) Tliere lias been a proliferation of materials 
developed to encourage parents and teacliers to use tiiese invented systems with deaf ciiildren 
in the belief tiiat sucii use will foster natural acquisition of Englisii. Tiiese materials are not 
relevant to tlie deveiopiiient of ASL, altiiougli some introiiuce comnuinication strategies for 
using visual communication systems. These visual .strategies iiave been described based on 
research investigating the interaction of deaf motiiers wlio sign with their deaf babies; thus 
these strategies would be applicable to tiie learning of coniniunication strategies in ASL. 

A second area that I have not included in tiiis svntiiesis is tiie use of siiin laimuasie 
inteqireters to provide access to education for deaf and iiard-of-iiearing ciiiidreii. Altliough 
interpreters may provide visual access to media, materials, and teciinologies, they do not 
themselves fit in this category. Many deaf children are educated in public schools through 
an interpreter for some ponion of their education. Thus, it is the interpreter who provides 
sign language access to such nuiinstreamed classrooms. Tiiis type of education has been 
accepted tiiroughout the country as "inchisioiuiry," however, tiiere exists no research at this 
time evaluating the effectiveness of this type of education. Issues tliat need to be addressed 
in this area include tiie level of linguistic and cognitive development required of deaf children 
before they can benefit from an inteipreted education; the accessibility of educational 
activities that require visual attention to two different inputs simultaneously; tiie quality of 
interaction that students can experience in interpreted classrooms given the processing time 
required for inteipreting; the quality of an interpreted interaction for learning in the 
classroom. ev]x\-iall\ in the Knver oniiles (li\en the cunoiu popula ily of mainstreaininp, or 
'inclusion," such lOM-arcli neoil> lo be ;.ii\en an iniiDciluue pnoiit\. 




background-History of asl in education 

Early childhood deafness results in a home environment for many children in which the 
native language of the home is not naturally acquirable by the deaf child. Children who are 
not bom into deaf families (these are 90% of deaf children) often experience delayed 
language acquisition because they cannot hejir (and thus acquire) the spoken language of the 
home and because the parents do not know a signed language that tlie child could acquire 
naturally. In the past, the deaf child has been required to learn the spoken language of the 
home (tliTOUgh overt teaching). This emphasis on tlie spoken language has resulted in little 
use of signing in education until recently. 

More recently, hearing families have also had the option of learning a signed language 
or system so that the deaf child can acquire a visual language or system naturally, in the 
1960's, a major change in the pliilosopliy of leaclting Engiisli to deaf cliildren occurred. 
Educators added signs to suppon the speeclueading etYons of these children. Although not a 
new idea (it existed before 1880), US educaiois ailempied to iiisiiuiie iliis new meiliod of 
communication, called Simultaneous Conununicatioii. The system is based on the belief that 
a spoken language can be adequately rellected visually by niaiching English words with 
manual hand signals. Many of the hand signals were in fact borrowed from ASL and adapted 
to represent English rather than ASL. 

Several such systems were developed throughout the US. The most widely used at this 
time is Signing Exact English, (S.E.E. II, Gustason 1980). These systems attempt to represent 
spoken English visually by combining signs from ASL with English semantics and grammar. 
These systems found acceptance among hearing families and eciucaiors who did not know 
ASL but who supported the philosophy of using manual sui">pon systems tor nicxleling and 
teaching English. These sign systems were invented tbi ,he purpose of teaching English to 
deaf children and have proven controversial in the deal community and in deaf education due 
to the invented nature of these systems, (as compared to the natuiall) e\olvecl language of 
ASL). 

The most recent approach to educating deaf cliikiien is haseti on the i^hilosophy that the 
natural language of children who rely on visual injiui is a visual language. This visual 
language must be totally visual, with no reliance on an\ leaunes that require auditoiy access. 



130 



i.e. the language cannot rely on sound.' In tlie US this natural tlrst language of deaf children 
(the language that they can acquire normally) is commonly accepted to be ASL. This 
language provides complete visual access for natural acquisition by deaf children. This 
approach is controversial, and has been adopted by only a few schools in the US. It is 
commonly referred to as the Bi-Bi approach (biliugual-bicultural). 

This approach has focused on natural acquisition of ASL, encouraging parents and 
teachers to provide rich ASL environments for deaf chiklren, especially those who were not 
bom into them. These biliugual-bicultural approaches to deaf education, in which ASL 
acquisition occurs as a natural by-product of interaction witii users of the language, are 
becoming more popular despite the lack of clear evidence to support thein. My review 
recommends that these programs receive nuich more attention from researcliers and from 
developers of media, materials and teclinoioiiies because they |-)roviile for the most natural 
access to education providoti tiiai tieaf sluiients are trul\ actiuiring ASL in tlie environment. 

My section of the synthesis focuses on media, materials, and teciuioiogY for ASL in 
education. This brief description of the history of ASL in education is intended to clarify the 
reasons that so little sucli media, materials, and tecluiology exists. The recent acceptance of 
ASL as a language of education means tiiat little is known about its use and effectiveness for 
education. The underlying assumption is that, given a natural, complete!) accessible language 
such as ASL. deaf chiUlren will acciuiro language and prtigross through education normally. 
Little is known about the effects of such enriclnnent environments on children who do not 
enter them with some pre-existing language that can be enriched, ll has been assumed that 
these children (primarily those from hearing families) begin to acquire ASL at whatever age 
they first encounter it. The programs thai endorse ASL as a first language therefore do not 
provide specific and explicit teaching of ASL to these suiileiits. Such an assumption needs 
investigation. 

I) Review of Pkoi>()si;d Cukkicl'i.um i-ok 1-ik.st Lanch ace Acgi'isrnoN oe ASL 

At this time there exists onl\' limited research on the acquisition of ASL as a native 
language. As these studies progress, eilucalors will undeisiauil more about the underlying 
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processes of ASL acquisition. In tlie interim, several assumptions are made in the 
development of educational programs intended to introduce ASL as a first language and 
English as a second language for d«tf children. One such assumption is that deaf children 
with no other handicapping conditions will acquire ASL at any age. Tluis, there is no 
emphasis on teaching ASL to deaf children, no matter what age they first are exposed to 
ASL. Children from hearing families, for example, are often not introduced to ASL until the 
age of two-five (or even much later). When they are eventually enrolled in a school system 
that provides them with ASL input, it is assumed tluit they will automatically acquire ASL. 
While deaf people's experience points to the general validity of this assumption, it has not 
been verified through any son of investigation. Given tiie late exposure to ASL that many 
deaf children get, it must be assumed tliat there may be some problems in this acquisition that 
could be avoided or ameliorated thiougli focused teachiiiii of ASL structures to these children. 

As investigations of ASL acquisition liave been instituted, so liave educational programs 
that incorporate ASL as tlie language of instruction. Although not yet guided by research 
results, they are guided by general education and language development principles. These 
have been brought together in a docuineni entitled Uiihickiiiii the Cttn ictdttiu: Principles for 
Achieving Access in Deaf Ediicaiion (John.son, Liddell. and Lning, 1989). This document 
proposes a model for bilinguai-bicuhural education for all deaf children that includes both 
explicit teaching of ASL and implicit acquisition through a language-rich environment. The 
proposed model recognizes the need for early exposuie to ASL and suggests a model tor 
providing it. Although some 'bilingual schools" have been set up around the country (and the 
world), the apiiroach cannot be labeled strictly bilingual. The practical reality is that deal 
children will not be able to use spoken language ini)ui loi learning CDHient in the curiiculum. 
All live teaching can onl> be done ihiougli signs: either A.SL oi an Lnglish-based system that 
inadequately retlects the I'orin and substance of the spoken language, or through a written 
English medium. Additionally, deaf children will not become literate in both languages, 
because ASL does not have a written form, if and when a written form is developed and its 
use becomes wiiiesiiread, this pioblein ina> sKiwly change as materials ate written and/or 
translated uWo written ASL. 'i'luis. the \\n\u o\ the educaium is no! iiiilv bi-lingual as many 
[)eople inKleistaiki it -spiuit.ineous eommunicatiou uill take pi. ice onis thiougli signs (ASL) 
and liteiaoN is developed uiil\ iii l iij^lisli Hased nu litei.u v in l iiglisli. students learn \o 
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speak and speech-read, once they have something on which to base their speech and 
sf>eechreading. 

The model proposed by the authois of Unlocking tiie Curriculum is bases on the 
following basic tenets (pgs 15-19): 

• Deaf childien will learn if given access to the curriculum. 

• The first language of deaf children should be a naturally accessible sign language 
(ASL in the US). 

• The acquisition of a natural sign language should begin as early as possible in 
order to take advantage of critical period effects. 

• The best models for natural sipji language acquisition, the development of social 
identity, and the enhancement of self-esteem for deaf children are deaf signers 
who use the language proficiently. 

• The natural language acquired by a deaf child provides the best access to 
educational content. 

• Sign language and spoken language are not the same and must be kept separate 
both in use and in the curriculum. 

• The learning of a spoken language (English) for a deaf person is a process of 
learning a second language through literacy (reading and willing). 

• Speech should not be employed as the primary vehicle for the leaining of a 
spoken language for deaf children. 

• The development of speech-related skills must be accomplished through a 
program that has available a variety of approaches, each designed for ' specific 
combination of etiology and severity of hearing loss. 

• Deaf children are not seen as 'defective models " of normally hearing children. 

• [The authors) concur with one of the obseivations of the report of the 
Commission on Education of the Deaf, that "there is nothing wrong with being 
deaf (1988:vi). 

• The "Least Restrictive Environment" foi deaf children is one in which thcv ma\ 
acquire a natural sign language and through that language achieve access to a 
spoken language and the content ol' the school curiiculuni. 
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The authors of Unlocking llw Ciiiriculuiii also propose a model for designing ah 
educational program that follows their stated philosophies. Although it is not explicit in 
terms of the implementation of such a program, it provides broad guidelines for developing 
such a program and suggests specific components of the curriculum as well as directions for 
further development and research. Program components would include the following (pgs. 
1923): 

1 - Family support program 

• providing suppoil and a rich language environment for the deaf child and the 
family through support groups 

• weekly deaf community contact (foster grandparents) 

• family education and counseling by professioiials 

• weekend cump programs to pro\ idc occiisioiuil inieiisi\e coiuacl w ith the deat 
comnumity 

• summer camp programs to provide yearly, long-tonu contact with the deaf comnumity 

An essential component of their model is the Child Development Center-where children 
would be immersed in ASL interactions. 

2- Faniilv-lnfant-Toddler program , to include i-)rograms tor 

-the Family: 

ASL teaching 
family counseling 
deafness education 
-infants-toddlors; 
ASL acquisition 

play grouii.N with focu^ on huiguage aiul ii^yclii)-^ocial development 
reading reiuliness 
speech readiness 
auditor)' stinnilation 
cognili\o lievelopmeni 
socio i'ininion;il tieveloiinieiil 
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3 -Preschool -ki nder ga rt en 

ASL acquisition 

play groups with focus on language development 
reading skills 
speech skills 
auditory stimulation 
cognitive development 
socio-emotional development 
motor skills development 

4 -Grades 1-12 

add English literacy skills 

They recommend an admiiiistiation, research and development section that would focus 
on the language acquisition of these children, suggesting research and development along the 
following lines (pg. 22): 

1. Videotapes for sign language training directed toward both parents and 
children 

2. Print materials for reading readiness, reading and writing 

3. companion print and captioned video mateiials to accompany standard 
grade level content sources 

4. Video materials on deaf people and their \>.ay of life 

5. Print and non-print materials for teaching English as a second language 

6. Print and non-print materials for teaching ASL arts 

7. Exploration of interactive videodisc-computer technology for the 
provision of companuive ASh and Hnglish passages, as described by 
Hanson and Padden(1988) 

Unlocking (he Curriciili(iii is the most explicit document to date regaiding ASL 
acquisition. It does not provide a curriculum as such, but rccogni/.os the necessity of 
providing an environment where deaf children can acquire ASL naiuiall> without h;i\uig to 
progress through a curriculum at the same time. The ;j,UKlelines and leconunendatious foi 
development and res'-arch as outlined in l.hildckln:^ ihc (.'m l u iiIkiii Ikixo not yet been tull\ 
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established and evaluated in any program. The three bilingual-biciiltural programs in the US 
(The Learning Center in Massachusetts, The Indiana Sciux^l for tlie Deaf, and Fremont School 
for the Deaf) have mcorporated many of the basic tenets if not the actual model. These have 
become officially Bi-Bi only v^ithin tlie last five years. It is too early to tell if these ^. 

In." 

programs are proving any more successful in providing appropriate access to education | 
through their focus on ASL as a primary language of instruction. Other schools, such as 
Kendall Demonstration Elementary School which is housed at Gallaudet University m 
Washington, DC, are not officially bilingual-bicultural programs but are currently allowing 
teachers to use ASL in the classroom. 

For the past three years, faculty from these programs across tlio US have attended a 
series of conferences focused on bilingual-bicultural education for deaf ciiildren. '1 ho 
emphasis of most preseiuations has been tiie need for sucii education and an outlining ot tiic 
possible components of such piogranis. Tiiese outlines are similar in most ways to Unlockinii 
the Curriculum; this emphasis highlights the relative newness of the philosophy- Presenters 
have not yet focused on how to itnplement these progtams in any dei^th. However, based on 
the experiences of sitnilar programs in Sweden and on the general principles of language 
acquisition and educational effectiveness, the i^hilosoiihies and recommendations of Unhnkuv^ 
the Curriculum offer a preliminary model that includes explicit teaching of ASL as well as a 
language rich enviroiunent for the natural acquisition ot ASL. 

Bi-Bi education for deaf childien has beeti piacliced for a longer time in Sweden. In a 
1991 report on de.'if education in Sweden and Denmark, Davies describes similar educational 
philosophies for deaf children. They begin with the assumption that deaf children will 
acquire a sign language normally if given the opi)oiiunit> . 

Both in Sweden and in Unlockiu;^ the Curruuhmi. theio are mam emiihasos- ihe 
provision of a rich and natural signing enviionmeiu thai alKms cUmT childien to acquiic 
language naturally; and the involvemeni of the adults in the deaf child's famiU in learning 
signing and in interacting with deaf adults. 

RECOMMENDATIONS FOR CURRICULUM AND PROGRAM D1:V1:L()PM1:N T 

The most impoilant guidelines for developing media, malenals, and iecluu)lo;.:ics loi 
deaf and hard-ol-hcariiig childien in leiiiis oi ASL aciuisiiuui aic ihoM- iluii uill i^w-mvIc 
them with early and frequent oppommilies lo acquiie ilus mmkiI hiii:Jii.i:'c nauimlL iliuMi-h 
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interaction with native adult signers, and later with signing peers. These are the principles for 
promoting and encouraging nonnal language acquisition in any child and are the accepted 
norms in the field of acquisition of ASL. Although the study of ASL acquisition as a native 
language is relatively recent and longitudinal studies have been underway for only a few 
years, previous investigations of such natural acquisition indicate that deaf children exp>osed 
to normal language environments progress through predictable stages of ASL development, 
becoming comp>etent language users who can go on to learn a second language such as 
English successfully. The goal of educational programs that encourage the introduction of 
ASL as a first language to all deaf children are to provide them witli rich and frequent 
opportunities to interact with fluent signers in order to encourage language acquisition in 
conjunction witli cognitive development. This goal is the same for all deaf children, whether 
they are both into such an environment or nuist l")e consciously provided with such an 
environment. 

Development of media, materials, and technologies for ASL nuist be guided by research 
and understanding of the acquisition of ASL by children from their parents. Such acquisition 
begins with the early acquisition of prelinguistic features of ASL such as appropriate eye-gaze 
and attending behaviors, attention-getting behaviors, turn-taking behaviors, conversational 
pragmatics including opening, maintaining, and closing behaviors for connnunication; and the 
early understanding that gestures and movements are meant to connnunicate. Acquisition 
continues througli more and more complex linguistic development until cliildren become 
fluent signers. An understanding of these stages nuist form the basis of research and 
development of any media, materials, and technologies in order to be effective in the 
development of ASL skills in education. 

Development of effective metlia, materials, and technologies shoukl be based on the 
results of research and experiences of programs built arouiki the philosophies of Unl()ckini> 
the Ciirriciiliini. Research money should be directed toward investigating the specific 
methods used for providing a language-rich environment for deaf children, the natural stages 
of ASL acquisition in deaf homes (inoliidiug- the prelinguistic stages of acquisition;, the 
effective methods of encouraging hearing family-members to become involved in learning 
ASI. as a second language, the eHoctivi.'uess of sin.li an ASL as liisi iungiiage/l-Jiglish as 
second language ai">picutch in the education of deal' children. Di'volopnient of media, 
materials, and technologies without first understanding these issues will lead to the 
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development of many language programs that are ineffective for improving, language 
acquisition and therefore the education of deaf children. 

One essential aspect of research in tliis area is classrotMn oriented research that values 
teachers and parents input, especially that from deaf parents and teachers regarding growing 
up deaf and learning visually. The input of native signers has usually been ignored in 
educational policies. Using the knowledge and experience of people who are most aware of 
the visual needs of deaf children will lead to curriculum and materials development that will 
be both theoretically sound and practically feasible in the real world of the classroom and the 
home. 

It is also necessary to value the input from the hearing family members regarding 
learning how to adapt to visual lite and visual comnumication on a daily basis. Adaptmg to a 
visual mode of communication is not sinii)ly a inattei of acidiiiu- signs to conversation; it is 
an awareness of the visual nature of deaf ciiiidivii's leariiiiii-i. Heariiii-i taiiiily members must 
learn to adapt attention-getting behaviors (iiaieiits cannot get liieir deaf child's attention by 
calling them from behind), conversational patterns (visual conversaiioiis leciuire visual 
contact-they cannot occur when one jieison is in another room or is looking away as they can 
with spoken communication), and common teaching behaviors dwieiits must learn to face 
their deaf child before giving them new information and they must learn that they cannot 
point at an object and talk about it at the same liiue-a \eiy eoiiiiiioii behavior with hearing 
children). 

The guidelines proposed by the authors ol Uiihickiiv^ the Ciirric uliun for the 
development of ASL and the education of deaf cliilclieii provide a reasonable stalling i)oiiit 
for the development of media, materials, and lecluiologs Iim the de\eloiiiiieiit of ASL iii deal 
children. 

2) REVIEW OF EXISTING N4ED1A, MATERIALS, AND TLC'HNC )L(KiiES 

Following the principles of language acquisition and educaiioiial develoi)iiieiit Unlockiiiii 
the Citrriadiim, I have found very few materials thai iiicorjioiaie more than lists ol signs and 
simple sentences. All materials had one coiiunon cliaia.ierisuc-iliev weie designed for |)eople 
who are already competent in one language. 'I'lus huigu.igo uas usualls i-jiglisli and llie 
target population tor these materials is usiuillv lu-aiing p.neiUs o\ leaelieis of deaf eliildieir. 
the materials preseiil ASL with pietuies and uniieii l-.iiglish des.npuoiis of signs and ASL 
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grammatical rules. Only one program tiiat 1 found assumed competence in ASL in order to 
teach English as a second language. 1 found no materials, media, or technology that focused 
specifically on teaching ASL to deaf children. Given the assumption that ASL is acquired 
through interaction and exposure, 1 did not exi^ect to find explicit materials for ASL 
acquisition. 1 did not find any materials that presented explicit rules of ASL structure 
designed for deaf children; these types of materials are found in abundance for English but 
do not yet exist for ASL. 

In this section 1 first discuss in overview the variety of video and printed materials that 
are available for learning ASL. ( Most of the avaihible videotape series and curriculum that 
do exist arc based on some type of English curriculum and English signing, such as SEE 11, 
and have not been reviewed. These often have vocabuhuy lists of signs that are to be used in 
conjunction with English grariiinar.) 1 follow this with an in-depth discussion of the two 
programs that incoqiorate some of tlie principles from Uiilurkiiiii the Ciirriailum and a clear 
research agenda for evaluating the effectiveness of the programs. Both types offer interesting 
possibilities for further development of ASL media, materials, and technology. 

Given the recent introduction of ASL and the philosophies of Bi-}3i deaf education, it is 
understandable that the areas of media, materials, and technology are lacking in materials. 
The media, materials, and technology that exists have been directed toward the teaching of 
ASL to the hearing family members of deaf children. The goal of these materials is to help 
these family members communicate naturally with the deaf child and to allow them to be 
language models for their deaf children. The three areas of media, materials, and 
technologies are integrally related; most rely on some type of technology to visually 
reproduce the signs of ASL and are accompanied by written materials that describe or explain 
the signs and grammatical structures in English. (These materials are supplied in English 
because ASL does not have a written form.) The descriptions are accompanied by drawings 
or pictures of signs. All of these materials have one feature in connnon- they all assume a 
competence in one language to teach ASL as a second language. Many of these materials use 
video technology to demonstrate signs for students. 
Examples of these videotapes are: 
Fables and Fairy Talcs: 

Consists of five one-hour vidcotaix's with tables ;md fairy tales signed in ASL with 
English voice-overs, it is also possible to buy a variel\ ul materials to complement 
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the collection-printed text; crossword puzzles based on word from the texts; word challenges; 
secret message decoding; scrambled words; drawing activities, connect the dots, 
coloring/tracing pages, solve the maze, teacher answer keys (Description summarized from the 
Sign Media Inc. catalogue) 

All hese activities are based on the assumption that ASL is alrejidy in existence, these 
can be used to provide an enriched input and for teaching English as a second language (or 
vice versa-used for English speakers who are trying to learn ASL); not geared specifically for 
any age group although the content makes them most suitable for young ciiildren. 

Parent Sign series: 

This is a series of 10 videotapes that are designed for hearing parents and families of deaf 
children. They are aimed aVhelping the jxirents learn ASL as a second language -the format 
shows a series of family situations and interactions with vocabulary and grannuatical 
structures. They are for teacliing ASL as a second lauguagc-tlie sign vocabuhny is 
accompanied by English glosses (Description sununarized from tlie Sign Media Inc. 
catalogue). 

This set of (and type of) tapes addresses tlie need for tliose parents who are hearing to 
have access to learning ASL. Each tape is one liour long and can be used independently by 
parents at home. This indirectly addresses the need to exix->se deaf cliildren to signing by 
helping their parents sign. It could also allow the deaf cliildren to watch sigiiing, but would 
not promote acquisition since it does not provide interaction. Interaction iniglit be aciiieved if 
parents learned and played with the ciiiki while learning. However, it cannot make tlie 
parents appropriate ASL models for their deaf children. 

Rainbow's End: 

This was a TV series produced in the !970's; five tai)es 30 minutes iong-siniilar in format 
to Sesame Street; again, it is aimed at eniioiiing the children's environments, building 
vocabulary, anti language use jxogram had the following staled goals: 

- To provide jiersons and situations which will (.■iihanco the self image of deaf children 
~ To encourage activities wiiich leati to the accjuisiiions of Lnglish language and reading 

skills 

- To stimulate family interaction a< nVvII as iiitoiaclioi; within the classroom 
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- To present too hearing persons an awareness of the communication and culture of deaf 
persons 

Each tape also comes with a workbook. 

(Description summarized from the Sign Media Inc. catalogue) 

This program is aimed at building English through visual enhancement and through 
ASL, but it also provides sign instruction and a motivating way of showing signs to children 
and of exposing them to sign language. 

Bravo Family Series: 

This is a series of videotaped scenarios at ;i slightly more advanced level that intrcxiuces 
ASL in context. These are geared for an older group iniii are intended for use with English 
speakers who are learning ASL as a second language. 

Many of the materials advertised as teaching sign language are not explicit about whether 
they are English signs or ASL; others promote confusion by advertising that they teach ASL 
signs in English word order. Since ASL does not have the same set of signs that English has, 
this is not fK)ssible--ASL does not use the same determiners that English uses, for example; 
therefore materials cannot match ASL signs to English semences. 

Many tapes and games promote the learning of the manual alphabet only and do not 
include any sort of grammatical instruction at all. 

Books advertised had same disadvantages as the videotapes: many are vocabulary lists- 
some are English signs and some are ASL signs. Although some curricula exist for tatching 
ASL as a second language, all are aimed at adult learners and are not suitable for children in 
the age group of this synthesis. 

Overall, the video materials and books do not prt)\ iiie aii\ liKused attempts to present 
ASL as a language system for children in this ago grouiv Tliey are generally vocabulary and 
sometimes sentence based. A few place signs in a larger context of story tellirn-these are 
often accompanied by written texts and are designed for teaching English as a second 
language to people who already know English (or jxMhaps could he used vice versa). 

Most consist of lists of vocahtihiry aimed at the noeiK of patents with young children. 
These are inadequate to teach competence in A.Sl. tor heaimg paients. 'Hiere are, however, 
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two different video projects that provide more tiian simple lists of vocabulary- one is an 
interactive videodisc program and one is a videotape series. 

Interactive Videodisc Technology 

The interactive videodisc program was originally developed by Hanson and Padden 
(1990). It was developed as a tool for tejtching English as a second language to deaf children 
who are already competent in ASL; it is intended to teach reading and writing of English as a 
second language to students in grades 3-6. It was developed in collaboration with IBM. 
After the initial study of this program IBM has not actively pursued its development or 
expansion. It is not available for use although it is a promising technology for ASL teaching. 

This is an interactive videodisc program that uses ASL stories to teach reading and/or 
writing in English. (In fact, the authors also repon great interest from adult pailicipants 
(teachers) in using this technology for the opposite purpose; teaching ASL as a second 
language to English speakers). Using the program, students can choose to try to read an 
English story, answering questions about the stories using written English to test their 
understanding at the end. They may ask for translations of any section of the story in ASL m 
order to enhance their comprehension at any time. Both the stories and the questions are 
provided in both written English and in ASL, allowing the students to use either the ASL 
version or the English version or both. 

Children can work individually or in pairs; the researchers found that pair work 
stimulated interaction about the stories and about the processes involved in moving from ASL 
to English. The children were very enthusiastic about the process. Thus, it was not only the 
program itself that helped to develop language (in this case English), but the interaction 
between the children helped to develop language comiietence in ASL and allowed them to use 
ASL to learn about English. 

Although this specific research project was aimed at teaching Englisn to deaf children 
already competent in ASL, it reveals the value of this type of program for maintaining the 
interest of deaf children in a language lesson. This t^x- of program coukl be adapted in 
various ways to teach either ASL or Lnglisli. This technology also has potential for parent- 
child ASL acquisition, hearing parents wlio are trying to learn ASL as a second language m 
order to use it with their deaf ehiUhen could watch these discs unli theii children; it might 
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provide interactive stimuli for them to use with their children. Perhaps also deaf adults could 
use this type of program with both the parents and the children, modeling interaction in ASL. 

The advantages of this type of program are tiiat it can provide an interactive learning 
environment that is interesting to children— this encourages language le^iming and could entice 
parents and teachers to improve their ASL with ciiildren in a non-threatening environment. 

If it were available at schools, parents could have access not only to the program, but 
might be more enthusiastic about panicipatiiig in the child's education in general. 

The major disadvantage of this type of program is that it requires access to computer 
equipment and programs that maiiy parents may not have at iionie-the technology itself is 
expensive and may be intimidating. A second disadvantage is that developing the videodiscs 
is expensive and time consuming. However, as computer aiid video tecimology progress, botii 
of these disadvantages may become less problematic. CI) i^OM technology also offers tiie 
prospect of sucii interactive programs foi lamiiies and for deaf cliiiclren learning ASL". 

Sign With Me - videotape series 

This series of videotapes. Sign Witii Me: A 1-aiuily Sign Program, developed by Mary 
Pat Moeller, Brenda Schick, and Kevin Williams from Boys Town National Research 
Hospital in Omaiia, NE, is designed for the devfiopmeni of ASl, skills in caregivers of young 
deaf children. The curriculum is designed to integrate signing skills, linguistic development, 
pragmatic communication skills, and parenting skills. 

The developers have designed a series of three units intended Ibr parents of infants and 
toddlers; pre-school age, elemental) seliooi. luioii unit w ill include 2 videotapes that focus on 
vocabulary, functional phrases, l';ieial expres^^ions, pacing and phrasing. The goals of tlie 
designers of these series go well beyond the goals of most video series: in addition to adding 
to the vocabulary of caregivers, they want the caregivers to develop conversational fluency 
both in signing to children and in unileistaniiing einitheii; llie\ u ill tlevelop lluencv in 
communicating witii a \aiiel\' ol naii\e siiineis. theii smniiig lluene\ will be beyond that of 
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the children, and they will learn about parenting tecliniques relevant to visual communication 
and language development. 

To date, it is the most sophisticated ASL video series in temis of incorporating what is 
known of linguistic, pragmatic, and learning principles in ASL. At this time only the first 
unit is available for purchase. The second is in production.' The designers have begun some 
follow-up research into the use of these tapes and have so far collected resfK^nses from 
families who have begun using the tapes and accompanying workboc^ks. Parents appreciate 
the exposure to both the signs and the parenting models provided on the tapes, and feel 
supported in their learning by the tajies. They have also remarked about the ease of using 
these in their homes at their own pace. 

The major advantages of tins type of material for learning ASL are those mentioned by 
the parents. Because it is designed for videotape, the lechnology is accessible to most 
parents. They attempt to provide language models rather than vocabulary lists, recognizing 
the impoilance of all aspects of coninuniication. Tlie inieniion of the designers at this time is 
to make the series available tluoueli video outlets and public libraries-achieving wide 
dissemination at nominal prices. The liesigiiers also eu)i)liasi/.e ihe need for caregivers to 
understand children's signing, an area that is neglected in most ASL teaching materials. 

The major disadvantage of this type of material is that it does not require interaction 
with live language models; although the designers encourage parents to use these in 
conjunction with classes and interaction, the very indepentience thai they allow can be 
detrimental to successful language learning if substituted for real interaction. It also has the 
explicitly stated goal of ijroviiiing hearing caregivers with A.SL competency thai allows them 
to be ASL models for deaf children. While thcN may be able lo achieve some measure of 
communicative tluenc) through iliese tapes, ii is doubtful that aii\ second language learner 
could provide an adequate language model for a chiki. it is especially doubtful that second 
language learners who are learning only the \ocabulary and structures included on the tapes 
and who are learning them at the same rale thai ihe ileaf cliikl j^rogress through the stages can 
provide adequate linguislic input for acquisiiioii 
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Media, materials, and technologies should be developed based on findings of programs 
that encourage the development of ASL as a first language. Materials that appear to be the 
most promising to date are those with interactive video learning and videotape series that 
approach ASL development v^'ith the perspective of developing all aspects of the language, 
not simply a list of vocabulary. Materials that have been found to be especially effective to 
date include sign language courses that incori>orate videotapes and interactive videodiscs. The 
most important characteristic of language acquisition is interaction with users of that 
language; thus, any materials that encourage such interaction, either between adult language 
models and deaf children or between deaf ciiiidren themselves are predicted to be the most 
effective for developing ASL and therefore for jiroviding access to education for deaf 
children. 

Materials and technology that encourage family members to interact with adult language 
models are also needed. The development of videotapes and interactive computer programs 
that families can use at home will be useful as long as tlK-\ focus on language learning and 
not simply on lists of vocabulary. They will also only be useful if they provide 
communicative information to iiearing tamily members: information about how to get a deaf 
child's attention, how to interact visually, and how to recognize stages of ASL acquisition in 
their deaf children. The use of interactive video-conterencing technologies may make it 
possible for deaf children to acquire ASL from native signers more effectively as well. This 
type of technology-aided connnunication should be investigated for both language acquisition 
and education for deaf childien. 

Another direction for materials develoj-iment is that of training native signers as teachers 
of ASL. Trained native signers provide an informed language model for both deaf children 
and their hearing families. At this time, only one such program exists in the US. It is a 
master's degree program and is cmrently housed at Western Maryland College. Again, these 
teachers and role models could be made more accessible to deaf children and their families 
through interactive video-conferencing. 

CONCLUSION 

The clearest finding of this section ol' the synllu-sis is the lack of curriculum, media, 
materials, and technology available for cievel(^i)ing ASl. in the target grouj"). This finding 
underscores one of the main reasons thai hihiigiiai-hicuhinal piojjtams have met with 

ERIC 



resistance from so many etiiicators -tlie lack of a defined cuniciilum for developing ASL, in 
addition to a lack of ciirricuhim that would help tliese educators become fluent in ASL in 
order to work in ASL programs. These gaps lead to the recommendations in this section. 

Recommendation #1 is to develop a curriculum based on the needs of children in 
acquiring a visual language. Development of this curriculum should take full advantage ol 
the knowledge and experience of those involved in Bi-Bi programs, especially native signers 
and experienced teachers. This curriculum would provide for a consistently rich ASL 
environment for deaf children that includes both ASL enrichment goals and explicit teaching 
of ASL structure, including both linguistic and pragmatic aspects of ASL communication. 
Such a curriculum needs to be developed based on research into the stages of ASL acquisition 
in deaf children from families that use ASL as their home language. 

Recommendation #2 is to develop media, materials, and technologies suc-h as the 
Interactive Videodisc program, the Sign With Me: A 1-amily Sign Program, and interactive 
video-conferencing that can actively direct and enhance the language acquisition that should 
be occurring within the ASL enviromneni provided by the curriculum. There are two target 
populations for these media, materials, and technologies: deaf children, esjiecially those from 
hearing families that cannot provide natural access to ASL because it is not their own native 
lan"ua"e; and families and teachers of these children, who need to be able to communicate 
effectively with them and who need to be able to recogni/.e the progress of ASL acquisition 
in the children This review has shown that the lnieracti\e videodisc piogram arouses 
enthusiasm from both students and teachers; the Sign With Me program has generated 
enthusiasm from heaiing families with deaf children. Such interest in learning ASL is an 
important fust step in the develoiiment ol ASL skills in deaf children. The further 
development of such teaching materials and of cinriculuiu thai guides Mich materials needs to 
be based on researcli investigating the efiectiveness of the curriculum and materials in 
providing access to education for deaf children. This research is a vital first step in the futme 
developmeiii of aii\ and all media, materials, and technologs 
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Searches and Sources: 

Periodicals searched: 

1992-1993 American Annals of the Deiif 
1987-1993 Educational Technology 

1987-1993 Educational Technology Research and Development. 
1986-1993 Computer and Education Journal 

1986-1993 The Computer Resource Quarterly for People with Disabilities 
Computer Searciies on: 

ALAD: Washington Research Library Consoniinn 
DWIL: Periodical Indexes (nuilti-subject) 
PAPR: Newspaper Abstracts 
ERIC: Educational Resources Intbnnation Ontei 

Topics searched: 

Hearing Impaired and Language Programs 

Deaf and Language Programs 

Hearing Impaired and C.A.I, and Language 

He aring Impaired and Language ami Soltwaii.* 

Deaf and Language and Software 

Hearing Impaired and Language and Programs 

Deaf and Language and Programs 

Hearing impaired/Deaf and ASL and Language Programs 
Hearing impaired/Dear and A.SL and CAI 
Hearing Impairod/lVaf and ASL and .Sohwaic 
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Hearing Impaired/Deaf and interactive video and ASL/Langiiage 

Hearing Impaired/Deaf and Multimedia and ASL/Ungiiage/Language Programs 

Hearing Impaired/Deaf and ASL and Laser discs 

Other Sources Used: 

Notes and translations from presentations at Deaf Studies-Wluit's Up conference, 
Gallaudet University 

Personal Communication: Dr. Carol Padden, August 1993 
Personal Communication: Mr. Kevin Williams; Oolober 1993 
Personal Communication: Dr. Ou'm Ramsey, August and October 1993 
Personal Communication: The Learning Center tor Deaf Children 

Personal Communication: Indiana School for the Deal 

Shareware Catalogues 

CD ROM Catalogues 

Berlitz--re: ASL 

Educational Materials Catalogues re; Deafness and ASL 

Sign Media Inc. 

Gallaudet University Bookstore 

Sign Enhancers 
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Oregon Literature Synthesis: Speech teaching 
James Mahshie, Ph.D. 
Professor 

Director, Speecii Communication Laboratory 
Overview of synthesis 

The aim of this synthesis is to examine existing media, materials and technology (MM&T) 
for improving the speech production skills of children who are deaf or hard-of-hearing. The 
synthesis is organized into three sections. Section I describes a series of background issues 
such as the sources of the synthesis, description of settings, etc. Section 2 explores the 
pedagogical framework in which speech teaching occurs, along with an examination of how 
well current MM&T facilitates speech teaching within this fran-ework. Section 3 examines the 
efficacy of existing MM&T through a review of the limited literature on clinical effectiveness 
of speech teaching technologies. Section 4 summarizes the synthesis and provides suggestions 
and guidelines for development of future MM&T. 

1. Limitations, sources and background 
1. Limitations of current search 

There is a long history of instruction designed to teach deaf children to speak, with 
the earliest report of speech teaching strategies dating back to the 17th century (Plann, 
1993). To make the present resejirch synthesis manageable, it is limited primarily to 
MM&T reported in the last 25 years (between 1970 and tlie present). This time frame is 
reasonable for two reasons. First, the majority of instructional media, material and 
technology available today originated in tliis targeted period. For example, the single most 
popular speech teaching curriculum in use today is that developed by Daniel Ling as 
described in his book Speech and the Hearing-Impaired Cliild (1976). Secondly, current 
technologies for improving the speech of deaf and luird-of-hearing children are almost 
exclusively computer-based. The first reported computer-based strategy was initiated in the 
early to mid 1970's with the exploratory work of Nickorson, Kalikow & Stevens (1976)and 
others. Thus the majority of current tliinking and devoloi)nieiit ol speecli teaching 
technology will also he found in the limited time poriotl of the present review. 



2. Sources of current search 

There was no single source of information tiiat proved adequate for the present 
synthesis. Accordingly, the synthesis is based on a variety of sources, including the 
author's 15 years of research and development experience in this area, computer-based 
searches of existing data-bases, and manual searches of journals that have traditionally 
published articles in this areas. The manual searches were conducted on a series of 
journals that traditionally publish articles in the area of speech development of deaf and 
hard-of-hearing children, sensory devices, and computer-based speech training. These 
publications are listed in Appendix A. 

3. Background 

The following section will desciihe the process of speech learning for hearing children, 
and will examine ways in whicli that jnoccss ina> tiifTer foi ;i doaf" or iiard-of-heariiig child. 
Also discussed are differences in speech teacliing strategies that are found in different 
educational settings. 

I. Normal -hearing children and speecli development. 

From their earliest experiences with the auditory world, children begin to organize their 
mental impressions of what they hear in ways tlial uttinutteiy contribute to future 
development of both auditory and speech skills. Wiiilc our uiuierstanding of the relation 
between what is heard and what is produceti is iucoiniiieti.', iIk' t'ollowiiig seiies of" steps 
are the likely sequence involved in acquiring speech skills. 

1. As the child hears speech, an auditory pattern is stored in memory. These 
auditory patterns serve as hoili the tlirectors t)f' motor productions, and as the 
reference of correctness (Schmidt, 19HH) lor learning the motor patterns'. 

2. The child attempts to protiiice speech llial he/she heais 

3. Awareness of the speech palleriis pioduced is not eoiicurreni with jiroduction, 
but rather occurs af"ter the jiroduclion. 'I"lie cliild obtains iufoiination about the 
outcome of the prodiielioii allempi ihioupli aiuiiiorN feedback and then compares 
tiie auditory patlern associated wilh hei nnilaiioiis lo liie sloied lef'erenee 



patterns. This comparison acts as an error detection meclianism wliereby the 
production accuracy is assessed. 

4. Subsequent attempts are adapted to reduce tlie "error" in the production, and 
comparisons again made. 

5. Through repeated attempts to produce the pattern, the child establishes the 
sensory-motor transforms required to produce that pattern. 

6. The outcome is development of learned transformations between the auditory 
patterns and the motor patterns (sensory-motor association) (Risberg, 1968). 

Speech acquisition thus relies on, and is mediated by, liearing. Among the panicular motor 
tasks involved in speaking that the child must learn tlirough audition are: 

1. Placement of articulators 

2. Control of the breatlistreain 

3. Coordination of articulators 

4. Coordination of articulatory, phoiuitory and respiratory elements of speaking 

5. Production of adequate phonation (pitch and quality) 

6. Accurate articulatory patterns of the larynx responsible for the production of 
voice vs. voiceless contrast, together with appropriate coordination of the 
patterns. 

7. Breath support 

While the development of these skills is not actively taught to hearing children, they 
are substantially mastered by five years of age. 
2. Speech development and the deaf child 

Traditional approaches to facilitating development of speech in deaf children 
typically attempt to mimic hearing children's speech acquisition, albeit with a little help 
through amplification and instniction. Where a child has the ability to extract usable 
information from what is heard, this approach can be beneficial. These deaf or hard-of 
hearing children, through amplified audition, receive early auditory input of spoken 
language in the environment, and speech feedback from their own productions. 

Amplification can provide some children with the primary sensory supplement 
needed to facilitate "natural" developmeni of speech. Vov many (or perhaps most) deaf 
children, reliance on residual hearing alone will iiol result in development of adequate 
speech skills. With minimal or no access to the audiioiy signal, the deaf child is 
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confronted with a motor learning task without benefit of either clear targets or adequate 
feedback. Despite repeated exposure to speech, these deaf children do not develop 
speech on their own, and intensive teaching and instruction is typically indicated. 

For these children with limited auditory capabilities, speech development is further 
confounded because the child will not have access to the environmental language. The 
interaction between speech and language development (or lack tiiereoO will thus result 
in further deficits in development of speech skills that can be used communicatively. 

3. Teaching speech to deaf children. 

As a result of these difficulties, speech is not typically acquired by this group of 
deaf children without some additional effort. For some, alternate approaciies to 
developing speech skills are considered. Tiiis lias involved providing tiie child either 
with alternative auditory input in tiie form of a cochlear implant (Osberger, 1993), or a 
supplemental or alternative input in the form of vibrotactile input (Vergara, Miskiel, 
Oiler, Filers & Balkany, 1993). For tiiese children tiie goal is to facilitate natural 
speech production and sensory development via a prosthetic device, one that is woni 
all the time. The use of these approaches are discussed elsewhere in this synthesis. 

Development of speech for the vast majority of deaf children in programs in the 
United States, Sweden, and elsewhere, requires speech instruction; these children are 
typically not expected to develop speech on their own (or with minimal specific 
intervention directed toward speech iiiiproveiiieiit), but rather tliey are provided specific 
(and for some intensive) speech teaching, hicreasingly, sensory aids, both visual and 
tactual, are being used in speech therapy to either supplement amplit'ied audition, or in 
some ca.ses, to replace it. The spoech-leariiiiig process lor a deaf child who does not 
benefit greatly from aiiipliticatioii. and who iiuist learn speech skills through visually or 
factually mediated approaches, ditfers significantly lioin the speech-learning process 
observed in a hearing child or a deaf child whose sjieech development can be facilitated 
through the prosthetic use of amplification, or other auditory aids (Risberg, 1968). 

4. Educational settings and the role of six'ccli 'caching in the educational curriculum 
Tiie amount and nature ol speech insnucnon icceivcd by a deaf child will depend to 

a great extent on the lyiv ol t'dncaiiunal sriniiL' in which a deal oi hard-of hearing child 
is placed. Mentioned in the iniioduciion lo those s\ iiihescs are a variet\ of settings, all 
of which differ from one anoilu-r iclmuIiii;' ihc lolc ol, and \ahic i^hkcd on, speech. 
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While often not stated explicitly, these programs differ in their view of the importance, 
attainability, and eventual function of speech skills acquired by deaf children. In an 
oral program, speech is intended to be the primary means of face-to-face 
communication, and so the goal is to facilitate a broad-range of speech production 
skills. To achieve this level of speech proficiency, considerable time and effort must be 
directed toward speech teaching'. Most often, the instructional model employed in oral 
programs is analytical, involving stepwise "building" of speech skills. Such 
intervention typically involves use of amplification, and auditory training, lipreading 
training, and specific instruction aimed at developing speech from the bottom up. 

In total communication (TC) programs, the amount of time and effort directed 
toward speech is generally less than in oral programs. Such reduced emphasis is 
somewhat understandable since it is assumed thai speech and sonk' form of manual 
communication will complement each other and the result will be "maximum" 
communication. More recently, Bilingual/Bicultural educational programs have been 
reported whose focus is development of English Language skills through reading and 
writing. In these programs speech development is considered a skill separate from 
language development, and not necessarily appropriate for every deaf or hard-of- 
hearing child. 

In TC and Bilingual programs, the goals of speech instruction are likely to vary 
from program to program. Speech teaching in some TC programs is often aimed at 
development of speech that can be used for face to face connnunication, in much the 
way that hearing people comnuinicate. Other programs aim at facilitating development 
of "functional" speech. Definitions of t'unciioiial speech are somewhat elusive, but the 
terni is most often used to describe speech that can meet basic needs for communicating 
with the hearing woild where sign language cannt)t he relied upon. Teaching strategies 
directed at developing functional speech often tocus on expression of language concepts 
as a primary goal. Thus speech drill is wiy much based on vocabulary and phrases 
deemed important for the individual to ctinununicale in the real world. Considerably 
less effort is typically directeti touarti the moiv aiuilylical ov bottom-uji teaching that is 
used to develop more bu)acl tange speech skills 

To sunnnari/e, the dexelopmeiii ol speeeh ^.kills. uliile mediated by the ability to 
hear in normal healing childien. is nu.>>i olu-n umiilii lo de.il' children The aims and 
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attributes of speech instruction often varies for different educational settings, or for 
different children in a single setting.' 

Evaluation of MM&T in the framework of speech teaching 

1. Introduction 

Teaching speech skills to deaf and hard-of-hearing children typically requires 
consideration of at least three major factors. Among the significant factors to be considered 
here are: the tasks and target skill to be taught; the cues presented to the child to elicit the 
production; and the feedback provided to the child about his/her production attempt. The 
following discussion will first describe each of tiiese clinical factors and then examine ways 
that existing MM&T facilitates and expands current speecli teaching practice. 

2. Skill Areas and Tasks 
1. Clinical practice 

To establish the precise speech areas to be tauglit to a young deaf child, the teacher 
typically evaluates the child to detemiine skills that are present or lacking. Diagnostic 
information is collected to detemiine whether or not segmental, and suprasegmental 
production patterns are present that might be expected given the child's previously 
acquired speech capabilities, age, auditory skills, and other factors impacting on speech 
development. In the U.S. and Canada, many clinicians rely on the teaching sequence 
described by Ling (1976) to determine the production skills that should be taught, and 
in what order. While the sequence described by Ling is arguably based on the patterns 
observed in nonnal-hearing children's speech development, this framework does 
provide both a useful model for selecting speech skills to be taught, and useful tcx")ls 
for evaluating deaf children's speech. 

Once skill areas are selected, speech ie<tching is initiated. While the specific 
structure of teaching speech to deaf children may vary somewhat from clinician to 
clinician, there are generally four identifiable steps involved: elicit, automate, 
generalize, and facilitate linguistic use (Ling, 1976; Risberg, 1968). 

An initial step for all speech skill teaching involves elicitinff production of a target. 
F'or example, teaching production of tiie nasal coiisoiianl /m/ involves demonstrating to 
the child the target sound (through audition, iactioii or vision) and then having the 
child attempt the utterance until it is produced acceiMahly. This can often be a time 



intensive task for the child, and requires tiiat the teaclier Imve a gcxxi understanding of 
the respiratory, phonatory and articiihitory bases of the speech unit being taught. 

Following an acceptable production, the pattern is drilled and practiced so that it is 
achieved without the speaker having to attend to details of the production. This is 
referred to as automaticity (Ling, 1976; Schmidt, 1988) and is considered necessary for 
speech to be produced smoothly and effortlessly. 

Once the target can be prodnced easily and automatically, then the child is taught 
to generalize the production pattern to different contexts and syllable locations. Sucii 
generalization training is an iniponant component of teiiching the child to use a 
developing skill for communication. 

Finally, the child is taught to produce the target pattern in meaningful words, or 
phrases. Faciliiatiiii> lini>itisfic i(se involves the transfer of skills from imitated and 
practiced utterances to connnunicative speech. Activities directed at promoting 
linguistic use typically stail with easier tasks (such as monosyllabic words in limited 
contexts) and become le.ss structured and rehearsed as ilie child demonstrates mastery. 
The desired end-point of this teaching step is the spontaneous use of the skill in 
conversational speech. 

Each of these four major steps can be further subdivided into smaller steps or 
subskills that are achievable for the child, l^'or example, generalization of the nasal 
consonant /m/ production might initially involve production in isolation, followed by 
production of the consonaiil after the neutral \owel /a/. Subsequent attempts might 
vary vowel and syllabic ooiitexl. Siuiilaiiy, proiuoling linguistic use might initially 
involve production of the target segment in words, followed by practice in phrases, 
sentences and finally conversational speech. There are thus luimerous "small" steps 
involved as sub-components of these four major steps. 
2. Description and critique of Media and Materials and Technology 
Texts. Few texts have been published in the past 25 years on teaching speech to deaf 
children. While discussions ot' speech teaching ui the carl) 7{)'s included reference to 
AuditorN -global, Aeou]X'tlic, and other mclhods o\ speech instruction (Calveil antl 
Siherman, i97.'i), the sini^le ajiprtiaeh to speech leaching that is most ciften described today 
is that tie\eloped b\ l.mg (h)7()l The 1 iiig pioeeduie (desenbecl in Speech and the 
Heaiing-linpaiied ("hiKI: i'lieoix aiul I'lacliee.l eouinnies in lie the standard tor teaching 



speech to deaf children. Ling lias also published a series of texts (through the A.G. Bell 
Association for the DeaO that provide supponive materials, charts, and forms to accompany 
the text. 

The Ling book offers a comprehensive and detailed description of the author's 
perspective on teaching speech to de<tf and hard-of-hearing children. Presented is a 
rationale in support of the theory presented, including a literature review that was quite 
comprehensive at the time the text was developed. 

The Ling approach is analytical or bottoni-up. Provided is a detailed description of the 
sequence in which speech skills should be taught. Skills range from basic control of 
voicing pitch and loudness and dmation, and progress through production of vowels, 
consonants and consonant blends. For each skill area, the child is taught to produce 
speech initially by imitating non-meaningful syllables. Once the child demonstrates facility 
with production of a pattern at the non-meaningful level, then the child is taught to use 
that pattern in meaningful words and phrases. 

Tlie text has provided clinicians with a well documented and detailed clinical approach 
to teaching speech to deaf children. There are, however, certain assumjitions about the 
appropriate sequence of teaching speech that have been questioned by clinicians. 
Focusing initial attention on often difficult to achieve voice parameters, requiring mastery 
of five vowels before beginning work on consonants, requiring extensive ability to produce 
imitative patterns before introducing semantically connected speech are among the 
assumptions most often questioned by clinicians. As a result, clinicians often modify these 
"steps" in implementing Ling's procedures, resulting in what is connnonly referred to as a 
"modified Ling approach". 

There is clearly a lack of research examining the efficacy of Ling's speech teaching 
sequence. The teaching method has only been minimallv evaluated to establish its validity 
as a training model. Osberger, Johnstone, Swars & Levitt (1978) examined the rate of 
speech skill learning by 20 children in an oral educational program when the Ling program 
was introduced to teach ceilain early speech skills. Their findings suggested that even for 
the children in this oral program, there were tlifferences in learning rates that led the 
investigators to conclude that "...nearly Due third ol llie chiUlien faileil Ui make satislactoi\ 
progress". While the degree of hearing loss u\' these children uas a likels factor 
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contributing to the minimal progress of tliese children, hearing levels could not fully 
explain all of the reduced progress of these children. 

An additional limitation of the procedure is the implicit assumption that it will be 
implemented in an oral educational environment. Historically, the book appeared while 
total communication was in its infancy. It was reasonable that the assumed setting would 
be an oral program, in which considerable time and effort would be directed toward 
teaching speech. Now, nearly 20 years later, the educational options available to deaf 
children are quite different than they were when the procedures developed by Ling were 
first introduced. While most teachers in TC settings purport to use a "variation" of the 
Ling procedure, there is a dearth of direction available to the clinician about how to 
promote speech skills when the goals and available time for teacliing speech are more 
restricted than would be the case in an oral program. Suggestions for adaptation of this 
approach to different environments are clearly needed. 

It is also likely that the Ling procedure is not appropriate or desirable for all children in 
all environments. While strategies for achieving functional speecli through top-down 
teaching strategies have been used in a number of educational settings, these procedures 
have not been well described. There is a significant need for documentation (and 
evaluation) of these approaches, together with development of media and materials for 
teaching speech to deaf and hard-of-hearing ciiildren employing these top-down strategies. 

Video and other materials. A critical element of the Ling procedures is the evaluation of 
speech abilities at both the phonetic and phonological level. Toward that goal, a series of 
video tapes have been developed in which Ling demonstrates assessment procedures, and 
offers commentary about the rationale for various judgments and strategies for improving 
speech patterns. 

While somewhat dated in appearance, these tapes provide useful insight into the 
implementation of the Ling evaluation and therapy procedures. Printed nvo. Mial in support 
of these videos would, however, be helpful. 

The A.G.Bell Association for the Deaf also markets forms, workbooks, and other 
materials to assist the teacher in botii evaluation of the child's speech skills, and recording 
progress made by the child in various skill areas. The maieri;ils aiv closely tied to the Ling 
Model, and provitio a systematic means of keeping records anil plotting piogiess 
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Description of Existing Speech-Teaching Technology. Many computer-based devices 
have been designed to facilitate production of suprasegmental patterns. Existing devices 
also permit some work on consonant and vowel articulation, usually in limited contexts (for 
example, the IBM SpeechViewer™). Still other devices are designed to facilitate drill and 
practice of whole words. There are no devices currently available that permit extensive 
work on both suprasegmentals and segmentals. 

Not all devices are equally suited to facilitating productions at the four steps described 
above. For example, the Indiana Speech Training and Evaluation Aid (ISTRA) (Watson, 
Reed, Kewley-Port & Maki, 1989) is designed to promote drill and practice of syllables and 
words by providing feedback based on a speaker dependent speecli recognizei^s comparison 
of a child's speech attempt to a stored template. Tiie template is based on acceptable 
production attempts tliat have been facilitated by tlie teacher. Tlie system is thus designed 
to promote autoinaticity, generalization, and early stages of promoting linguistic use. 
ISTRA contains only limited functions directed at eliciting productions, and the system 
was not designed to provide feedback during connected speech"*. Conversely, the 
electropalatograph (EPG) provides direct feedback of contact between the tongue and 
palate. While useful for eliciting initial productions and automat icity, it appears less 
optimal for promoting generalization or linguistic use. Other devices, such as tiie IBM 
SpeechViewer II™, focus on suprasegmentals, whiU- offering some activities that permit 
basic work on vowels (and to a lessor extent consonants). 
3. Cues or Targets 
I . Clinical Practice 

The cue or target comprises the information that is provided to the child to signal 
the production goal to be achieved. 'Hie strengtli and specificity of cues provided to the 
child interact with the task (Mower. 1977). C?ues will be ver)' specific during earlier 
tasks associated with a pailicuiar skill area. As the learner obtains greater proficiency 
with the task, cue strength is reduced. The task level will subsequently be made more 
demanding, and cues will again he made stronger. Cues and tasks are thus related, 
and aie adapted by clinicians to match the performance level of the learner. 
2 De^eiiplion and eiiliciue o\ Technolog) 

l-or speech training de\ ices, the cues provided aie typically in the form of models 
oi templales. unli oi without e.xphuiations piovided by the teaehei. Currently available 
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devices permit only limited adaptation of cues to the performance level of the child. 
However, an exp>erimental system developed at John's Hopkins University (Ferguson, 
Bernstein & Goldstein, 1988; Mahshie, Vari-Alquist,Waddy-Smith & Bernstein, 1988) 
explored graded cuing for teaching loudness control. During earlier training steps, the 
intended intensity target was cued by a vertically oriented bar. The bar was divided 
into blocks of three different colors, each representing a different intended intensity 
level. Blue, at the bottom, signalled low-intensity speech, green, in the middle, 
corresponded to conversational levels; red, at the top, corresponded to loud speech. 
During later tasks, a clown holding different colored balloons was used to signal 
different intensity targets to be produced. The spatial orientation was eliminated, so that 
only colors were used to signal a desired inlensiiy level. When the balloon having a 
particular color stalled Hashing, il;e student was retjuired to pioduce a vocalization 
whose intensity corresponded to the target color. While the Hopkins system 
demonstrated the feasibility of graded cuing in a computer based training device, no 
currently available commercial device provides the user with the ability to alter the level 
of cuing provided. 
Feedback 

Clinicians must also consider a third factor, teetlback, during teaching of a 
particular speech pattern. Like the cues provided to the child, the feedback will vary 
depending on the demonstrated level of skill acquisition. Ultimately, the goal of all 
intervention will be for the child to self-monitor his/her productions, so that he/she is 
able to detect better and poorer productions without external mediation. However, such 
internal feedback develops only after considerable drill and practice of a paiiicular skill. 
Consequently, the child will depend on e.xlenuil feedback lo de\ek)p this more useful 
internal feedback. 

There are a luimber of factors the teacher considers (.eidier explicitly oi implicitly) 
in providing feedback to the speech learner. Hach of these factors aie brietl\ described 
below, along with a brief examination of how the lacior is impleinonted in existing 
speech teaching technologies. The form of tlie synihcsis stiuctuie impleinonted below 
differs somewhat fiom that oi' pievious sections. Thr discussion ul the ciiiiciii clinical 
practice and tlie state ol technology le. each leedback kicioi aie pu'si'iued loeethei 
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The description of current clinical practice is give in regular type, while the description 
and critical review of existing technology is presented in bold italic type. 

1. Sources of feedback infomiation. 

In traditional speech teaching, the teacher will listen to the child's attempt and 
provide feedback about the accuracy of the production. This feedback is most often 
verbal (or signed) and is based on what is heard. As suggested earlier, however, 
teachers have long relied on tactile or visual information as an additional source of 
feedback. For example, children are often taught a nasal/oral sound contrast by 
touching the nose and feeling the presence or absence of vibration. 

Feedback provided by sensory aids can be obtained from a number of different 
transducers, including microphones (for example, Watson & Kewley-Port, 1990) 
aerodynamic measuring devices such as the pneumotachograph (Mahshie & Yadav, 
1990), accelerometers (Stevens, Kalikow, & Wiilemain, 1975), and specialized 
devices such as the electropalatograph (EPG) that monitor the extent and pattern of 
contact between the tongue and palate (Fletcher & Hasegawa, 1983). While the 
majority of computer-based systems use a single transducer (for example, IBM 
SpeechViewer IP^, there are some devices that employ muUiple transducers. For 
example, a system developed by Matshushita in Japan, uses a microphone, 
accelerometer, an airflow measuring sensor, and an electropalatograph. Another 
device, the Nasometer^^ employs a special anangement of microphones that permits 
separate monitoring of acoustic energy from the oral and nasal tracts. Comparison of 
these signals provides an objective measure of the degree of oral and nasal coupling 
during speech. 

2. Feedback timing. 

The clinician typically manipulates both the timing and nature of e.xtenuti feedback 
to match the level of perfornutnce demonstrateil by tlie cliild. The timing of feedback 
can be concurrent with, or immediately following tlie production attempt (immediate 
feedback), or it can be given somewhat after the production attempt (delayed 
feedback). Feedback can also be given after each atientpi (separated feedback), or after 
a group of attempts ( aceiimulaled feedbaek) (Schmidt, l^)S(S). Operant-eonciitioning 
liteiaiure (for example, Mowrer, 1^)77) sugyesis that diirin!: eailier stapes of teaching a 
now skill, continuous feedbaek is noinialU piovided Maximum learning will 
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subsequently occur when feedback is provided on an irregular basis. As the child 
begins to acquire a skill, the schedule of reinforcement should be varied so that 
learners have an opportunity to internalize the means of evaluating their prtxluction 
patterns. It has been suggested that this prtKess can be enhanced when external 
feedback is given less frequently and on an irregular schedule. 

Few currently available devices permit manipulation of feedback timing.^ An 
exception is the experimental system developed at Johns Hopkins (Ferguson, et al, 
1988; Mahshie, et al, 1988), which systematically altered the timing of feedback for 
a series of lessons designed to teach deaf children to control vocal intensity. During 
early activities feedback was immediate - occurring during the production attempt. 
For later activities, feedback was delayed, occurring after the production attempt 
was completed. Only one comviercially available system, the Indiana Speech 
Training Aid (ISTRA), is reported to provide the teacher with the ability to vaiy 
feedback schedule depending on the student's performance level (Kewley-Port & 
Watson, 1991). 

3. Knowledge of results vs. knowledge of pertbrniance. 

The nature of feedback can also vary, in some cases, it is desirable to provide the 
learner with information about the outcome of the attempt. Feedback provided to the 
learner about how closely his/her prtxluction product (speech) matched the training 
target is teniied knowledge of results (Schi, idt, 1988). This type of feedback can convey 
information about tlie magnitude of accuracy (right vs. wrong, 80% correct, etc.) and 
about the direction of the attempt (uiiderslioot, over-occluded, etc.) 

In contrast to knowledge of results, kn()wle(lf>e of peifoniiancc is feedback about 
the actual movement patterns that were used by tiie individual. i^ro\ iding the child with 
knowledge of perfonnance involves conveying information about Iiow closely his/her 
actual ailiculatory pattern matclied the desired goal, or hiformation about the time 
course of a particular ailiculatory i")attern. Devices such as the EPG (Fletclier & 
Hasegawa, 1983) or systems relying on the airllov. iransducers (Mahshie & Yadav, 

1990) provide knowledge of ixMlornunicc. 

the majority of cui renlly availahle devices preseiil knowledge oj results as the 
primary form of feedback, hor example, the Vuleo Wnce^'"^, an acoustically based 
training device, presents patterns corresponding to a Formant 2 vs. Formant I (F2- 
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Fl) plot of the target word. The template and an attempt are shown on the same 
screen, with the extent of "overlap " (and a numerical score corresponding to the 
degree of overlap) providing the learner with knowledge of results of the production 
attempt. 

There is little empirical data available about the relative importance if these two 
forms of feedback for speech learning. For the acquisition of other motor behaviors, 
knowledge of performance is extremely useful feedback when a skill is being elicited 
(Schmidt, J 988). It's been suggested that speech learning can he enhanced by 
presenting physiologic feedback that provides an explicit view of how the speech 
mechanisms move for production of a target segment (Bernstein, 1988; Mahshie, et 
al, 1984). This type of feedback would seem particularly useful for early stages of 
skill development, such as during the elicitation stage. During later stages, providing 
knowledge of results feedback would appear most beneficial, since <;uch feedback 
would likely lead to less dependence on the visual display, and together with varied 
feedback schedules, would facilitate internalization of the task. 

The majority of existing systems offer little jlexibility in the type of feedback that 
can be provided. Generally, devices that provide feedback from physiological sensors 
(such as the EPG) provide knowledge of performance, while the majority of 
acoustically-based devices provide knowledge of results. 

It is possible to obtain knowledge of performance (that is atiiculatoiy information) 
from the acoustic signal. For example, a number of computer-based devices offer 
programs that display speech spectrograms, spectral displays, or F2 vs. I- 1 jbrmani 
displays ( such f'S the Speech Viewer and the Video Voice'^'^) . However, 
obtaining knowledge of performance jbrm suci' displays is not always a simple task 
(Bernstein, 1988) and ojien requires that the teacher be able to provide an 
articulatoiy interpretation to the displayed acoustic pattern. 
I. Standards. 

Whetlier knowledge of losulls oi iK-iroriiKiiRc is pros uk-d lo ilu.' loaiiu'i. toed hack 
requires a comparison of tlic prodiiclion aiicinpi lo a iclcionce In iKuluional iluia])N, 
the standard against wliieli tlie pioduclion auonipi is conipaiod tosides in the umcIiov 
who listens to and evahiates the sttidoni's iiilciance. Watson and Kewiey-l'ort {19H9) 
suggest that the reference for a sensory aid (pariii iilarlv a cotnpiiier-hased device) 
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can be productions by a teacher, a reference group, or the learner. In addition, the 
comparison can be accomplished automatically {by the system) or by judgements of 
the visual display made by the teacher or student. 

The reference . Finding an appropriate reference is not always a straight-forward 
task. When the standard for comparison is produced by the learner, then it is 
necessary that an acceptable production obtained and stored so that it can be 
compared to subsequent production attempts. While this is reasonable for some task 
levels (such as automaticity) it is less likely when elicitation is the goal. Although 
possible to manually develop a model by "correcting" a pattern associated with an 
approximation produced by a student, few systems currently available permit such 
editing of targets. The one exception to this is a commercially available EPG ( the 
Palatometer^'^) that enables the instructor to modify a target screen to include or 
eliminate specific target points. This "synthesized" target can then be used as the 
comparison for subsequent attempts. 

Sometimes the standard used is a teacher's production (for example, the Video 
Vo/ce™), or is derived from productions of the target utterance by a number of 
speakers (for example. Speech Viewer //™). Use of productions by other speakers 
can be problematic, however, since there is considerable variability in aiiiculatoiy 
and acoustic patterns between speakers. Moreover, motor equivalence and 
coarticulatoiy effects introduce considerable articulatory variability, making invariant 
"templates " somewhat inaccurate for any particular production. 

Nonetheless, the use of templates derived from speakers other than the learner as 
a standard and model appears to be beneficial for leaching skills to deaf individuals. 
It's likely that the use of generalized models and comparison of productions to these 
models enable the learner to develop a pattern of his/her own that is similar, but not 
identical, to that used to produce the model. This view is supported by Fletcher, 
Dagenis, & Critz-Crnsby's (1991) who examined ^aiiis associated with speech 
teaching using the EPG. Recall that the F.PG utilizes sensors thai monitor the 
amount of contact between the tongue and various portions of the palate. Fletcher, et 
al. (1991) found thai the largest f^ains were found in children using the EPG for 
speech Icaniiii'^ when their productions were grossly different than normal. When 




their productions were close approximations prior to therapy, gains were often 
minimal. This suggests that the feedback based on generalized standards may not be 
adequate for refinement required to improve close approximations to the correct 
production. 

Comparisons. In many cases, computerized devices are involved primarily with 
displaying a target and an attempt, and the teacher or user must evaluate the 
similarity or differences between them (for example, the Palatometer^^ and 
Visipitch'^^). The teacher thus plays an important role by both evaluating the 
closeness of the attempt to the standard,' and by providing an explanation of what 
should be done to more closely approximate the target. 

A few devices are able to compare the speaker's attempt to a standard and provide 
a proximity metric. These devices typically give the learner a proximity score (or 
graphic display based on this score) reflecting the extent of match between the 
attempt and target. Examples of devices capable of such comparisons are the ISTRA 
system (Watson, et al, 1989), the Speechviewer W^, and the Video Vo/ce™. 

Most devices capable of providing proximity scores' based on aiiloniatic 
comparisons of attempts and targets provide the learner with knowledge of results. 
To date, no devices have been reported thai provide knowledge of performance by 
automatically evaluating attempts and comparing those attempts to a standard. This 
is somewhat understandable since the task of discerning the elements of signals that 
are important for production, and those that are not, may be a difficult one. For 
example, in using the EPG, it may not be clear from subject to subject which 
electrodes must be contacted for articulation of a particular sequence and which 
electrodes are not essential for accurate production (I'lelcher, Dagenis & Critz- 
Crosby, 1991). 
4. Tactile feedback. 

Mucli of tlio discussion lliiis far has UKiis(.'d on d(.>\ ices tliat provide visual displays 
of models, speech attempts a'ui feedback. A lternati\ el> , tactile devices ha\ e been used 
to facilitate speech de\elopmeni. S\sU'mjii^- explouiMii ol ijclile sensation for speech 
rece|ition Iiepan uilh the |)ioikTrin;' woik ;i| (iauh .Sinee ihal lime \aiioiis 

approaches iia\e been exploied I'oi ikhisIdi nniiL; and eiKodnnj speech loi laclile 
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presentation. Devices have been developed and studied that use single channel (Carney, 
1988) or multichannel (Friel-Patti &. Roeser, 1983) stimulation, vibrotactile (Geers, 
1986) or electrotactile (Lynch, Eilers, Oiler &. LaVoie, 1988) stimulation, and that 
present the skin with infomiation about the speech spectra (Lynch, et al., 1988) or 
about selected speech parameters such as fundamental frequency (Bootlu-oyd, 1983; 
Mahshie, Vari-Alquist, Hilley & Brandt, 1993). Miniaturized electronics have led to 
development of ponable devices tliat can be worn outside of laboratory settings. As a 
consequence, all tactile aids are not the same (see Siierrick, 1984 for a review). 

In most cases, tactile devices used to teach production were designed primarily as 
aids to assist .in speech reception. Some of these devices have been aimed at providing 
the child with information about a single speecli parameter, such as fundamental 
frequency (Youdelman, MacEacinou, & Beluiiian, 1988; N4cGarr, Head, Friedman, 
Behrman, & Youdelman, 1986). (.)tlK*i tactile devices provide information about tiie 
entire speech signal, and are tiuis potentially useful foi facilitating production of 
specific articulation patterns (for example, Friel-Patli & Roeser, 198.'^). 
5. Summary of pedagogical issues 

There are three elements the spcecii teacher considers when teaching speech skills to 
deaf children: the task, the cues used to elicit production, and the feedback to be 
provided. The task selected results from an interaction among the pailicular skill being 
taught (determined by current speecli abilities, existence of antecedent or prerequisite 
skills, developmental readiness, etc.), the general step at which the child is performing, 
(elicit, automate, generalize, and promote linguistic usage), and the level of success 
achieved by the child at a skill ;irea and stei^ he/slie moves from initial attempts to mastery. 
Production cues are the instruction or demonsliation jirovided to the learner in order to 
evoke a pattern. Cues can range fiom benig extremely detailed descriptions of what the 
speaker is to do, to very abstract signals. Feedback refers to the information provided to 
the child concerning his/her production aitemi)ts. l-Vedback can vary both in timing 
(immediate vs. delayed, concurient \s. terminal, accumuhitetl \s. separateti), and nature 
(knowledge of performance vs. knowledge o\ results), i-ui ihcrmoie, leetiback can be 
presented either visuall) oi tactuall\. While task, cue^ and feedback aie designated for 
every aspect of speech teaclung, the\ aie inleiu-hiled and tk'i)emleni njion eacli nthei. 
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The majority of existing sensory aids used for speech teaching appear to be most 
useful for teaching automaticity and generalization of productions. Additionally, many 
of the most popular computer-based speech teaching systems offer activities directed at 
vocal gymnastics -- altering pitch, loudness or duration of voicing. Consonant and vowel 
production activities typically provide feedback about the proximity of the attempted 

r 

production to a target (knowledge of results). A few devices, relying primarily on 
physiological feedback obtained from aerodynamic or physiologic transducers, are also 
able to provide feedback about consonants and vowels in the form of knowledge of 
performance. 

Because computer-based devices can potentially be used independently and often 
motivate children to work on speech activities, they arc in many ways optimal for 
automaticity training, which requires significant amounts of drill and practice. While 
there are some devices that can aid in eliciting productions, they are not as commonly 
used, and often require use of sensors able to defect physiological, rather than acoustic 
signals. No devices are currently available that are optimal for facilitating linguistic 
usage. While experimental systems have been developed (hat permit clinicians to control 
cue and feedback parameters during instruction, only limited manipulation of these 
parameters is possible with popular technologies thai are currently available in the 
marketplace. 

3. The Ultimate question: Do teclmologies work'' 
1. Framework for viewing efficacy literature 

The previous section examined the extent thai existing MM&T support and expand 
current speech teaching practice. Perhaps the most significant questions impacting on the 
value of existing technologies and the needs for future technologies are those relating to the 
effectiveness and usefulness of existing devices in improving speech skills. While 
numerous devices have been developed to assist deaf children learning to speak, there is a 
significant lack of research examining the effectiveness and usefulness of these devices (for 
example, Bernstein, Gokistein & Malishie, 1988; Horiistoin, 1989; Watson & Kewley-Port, 
1989). Nonetheless, there is a body of lileralure enuTiiing iluil examines the effectiveness 
of various speech leaehing technologies. 'Ihat lileKUiiu' lornis ilu- basis fiii the current 
syntlie.;is. 
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Assessment of systems and devices typically involves two, somewhat distinct types of 
evaluations, formative and summative (Dick & Carey, 1990). Fonnative evaluations are 
designed to establish both how well the system does what it purports to do, and how easily 
the end-user(s) are able to use the features built into the system. Summative evaluations, 
on the other hand, examine how effective tlie system is in promoting accurate speech 
production. Each of these types of evaluation will be discussed below. 
1. Formative evaluation: reliability 

Formative Evaluation . Formative evaluations of s|)eech training aids are typically 
designed to address two questions: i. How accurately does the device do what it's 
supposed to do?, and ii. How acceptable and desirable is the device to clinicians and 
children? 

Accuracy. As suggested above, computer-based devices tor speecli teaching not only 
provide models and cues, but nuist also accurately and reliably present feedback. This 
latter aspect is panicularly iinponant in systems that provide criterion based feedback ot 
results, since the feedback must be consisteiu bom trial to trial and also correspond 
closely with clinician's perceptions. 

Evaluation of the accuracy of speech training devices, and calibration of such 
device decisions against clinician perceptions, has been limited. The ISTRA system 
uses speaker dependent speech recognition lechnology to jiermit practice and drill ot 
syllables and sentences ( WiUson. Reed. Kewley-Pon. & N4aki. 1989). .Several 
evaluations were conducted to determine how well the speech lecognition system would 
substitute for human judgements on the goodness ol' ailiculation of whole words. Five 
clinicians rated the oveiall accuracy of a series ol words produced by two normal- 
hearing sjxMkers who intentionally varied the intelligibility of their utterances. The 
judges rated the overall aniculaiory goodness of the utterances using a six point scale. 
The three productions of eaeli utieianee that \\eie jieiceived by the listeners as most 
intelligible \\eie siibsec|uenll\ iis<.-d lu geneiaie a template ioi the com|Mitei -based 
iecogniz.ei. The eomputei b.isod reeogni/o. w.is ilieii usod lo evaluate the pioximity ol 
each utteiance to the teiuiilalc. Coiielaiional anaUsi-s ol these data indicated that the 
experienced human listeners judpmrnis \u'ie ni somewhat gieatei agreement about the 
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intelligibility of these utterances than were the computer-based judgments, but the 
computer judgements were in general agreement with the iniman jurors. 

A basic requirement of a speech teaching device is tiiat it provide reliable feedback; 
the feedback must be consistent for similar attempts at a production. To establish their 
system's reliability, Watson, et ai. (1989) had judges listen to and score twice a series 
of recorded utterances produced by a deaf speaker. Additionally, the utterances were 
twice scored by the computer-based system. Results sliowed that the device was 
considerably more consistent than were clinicians in rating the same utterances twice. 
This is understandable since the computer-based system would not be susceptible to 
varying criteria, speaker familiarity, or otlier factors that might affect the human 
judge's reliability. 

These tlndings suggest that this computer-based system provided a reasonable 
substitute for human judgements of acceptability, and somewhat more reliable 
judgments than those obtained from human judges. This latter point is important for 
demonstrating the potential utility of a device to be used for independent drill, since 
inconsistent, unreliable responses are clearly undesirable in a device designed to 
provide feedback during independent practice of sivecli skills. 
2. Fonnative evaluation: human factors 

Clinical accema hilitv. Often device development results from an engineering solution 
looking for a problem rather than from the needs of clinicians and students. For this 
reason, it is extremely important tliat end-user iniMit be a pail of the development, and 
tliat reaction of end users be evaluated. Devices that are com]-)le.\ to operate and 
calibrate, that fail to address skills that are clinically impoilant, or that fail to grade 
tasks and cues adequately, are not likely lo be used. 

Mahshie, et al. (1988) examined a inunber ot" human tactois issues tor the Hopkins 
speech training device by having two clinicians keep records during an extended period 
of trial clinical use. The device was pan of a larger iirojeci to develop iwo rehited 
computer-based systems, one for use in a clinical setting and the other for drill and 
practice at home. This approach to evaluating iuunau factors revealed a lunnber of 
features of tlit" system relating to ease of use, reliabilil> , chikheu's roaelioiis to tin.' 
de\iee, and perceived clinical benelii. 




An altemate approach was used to evaluate the acceptability of a system developed 
at Gallaudet University that provided the learner with feedback derived from 
aerodynamic sensors (Mahshie, Wilson-Favors, Schneider & Brandt, 1991). The system 
(the Gallaudet University Speech Training and Evaluation System or GUSTES) was 
placed at a school for deaf children where teachers and children used the system during 
therapy. Following a brief evaluation period, a focus group was convened and the 
teachers were asked a series of questions aimed at evaluating such factors as user 
friendliness, value of feedback provided, children's reactions to using the device, etc. 
Many of the recommendations served as the basis for subsequent changes to the system. 

Kewley-Port & Watson (1991) point out the imixirtance of these types of fonnative 
evaluations, but stress that they are not substitutes for subslantive evaluation ot clinical 
effectiveness. Summative evaluations of clinical etTicacy constitute a ditferent type ot 
device evaluation. 

3. Summative evaluation 

Summative evaluation . Summative evaluation studies are directed at tiie central question 
of how effective the devices are for teaching speech to deaf children. This, ot" course, 
is the ultimate question that needs to be addressed for all systems. In general, efficacy 
experiments examine the clinical vaUie of speech teaching devices by either comparing 
the progress made with the device to progress associated with alternate intervention 
methods, or by examining changes that occur as a consequence of intervention (Watson 
& Kewley-Port, 1989). 

While questions of clinical efficacy are most important, lew systems cinrently on 
the market have undergone rigorous evaluation of clinical otTeciivenoss. For example, 
Watson & Kewley-Port (1989) reponed that only 5% to 10% of the connnercially 
available or prototype computer-based speech teaching systems that have been reported 
in the literature have been tested in controlled experiments. 

Below is a brief description of s]ieech teaching technologies whose clinical elficacy 
has been reponed. While other systems and tle\ ices exist, (he limited data a\ailable 
concerning their clinical benelit makes ii tlitticull (it nol n)i|)(i'vsihlc) lo asceiiain ilieii 
clinical value. Descriptions of the elTicae> ol jilu sioIoi-kmIIv hasod. and acousUcalU 
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based devices are given separately below, followed by a brief description of the 
efficacy of tactile devices for speech teaching. 

Efficacy of Acoustically-based Computer-based Speech Training devices 

The vast majority of Computer-based speech training (CBST) devices rely on 
feedback obtained from a inicrophoue. One of the first computer-based speech 
training systems (Nickersou, Kaiikow & Stevens, 1976) employed a PDP-8E 
laboratory computer system, and utilized a voice microphone, and accelerometers 
on the throat and nose. The system provided 4 different types of visual displays to 
teach production of various timing, pitch, voice quality and articulation skills . 

To examine system efficacy, foiiy two orally educated deaf students between 8 
and 18 years of age (mean = I !) used the system in conjunction with a series of 
speech tutorials (Boothroyd, Arcluimlxiuli, Acliims, ;ind Siorin, 1^7.5). Each child 
received between I I and 90 tutorial sessions. 

The students us'Mg the device showed gains in isolated sj^eech skills and in 
rehearsed speech, with the most improvements observed in production of 
suprasegmentals. Botithroyd, et al. (197.S) concluded that "... the system, as 
evaluated, lent itself to work on suprasegmenials rather than articulatory features. 
Moreover, (while) it was rehitively easy for stiiclenis to use the display for the 
acquisition of vocal gymnastics skills aiul the inipi'ovenicnt of reiiearsed voice... less 
than half of (the children) showed significant generalization to unrehearsed or 
spontaneous speech", (p 189). The investigators suggested, however, that the limited 
carry-over observed was likely because the device was used for only a limited 
number of sessions and there was little focus during the therapy sessions on 
generalization to spontaneous speech. 

The limited testing of devices is a significani consideration is evaluating the efficacy 
of devices. Arends. et al. (1991 ) evaluated the ell'icacN ol a device (the Visual Speech 
Apparatus or VSA) developed in Holland that provides visual feedback of various 
speech panuneters. They examined changes during an entire school year by comparing 
gains in perfonnance by an expeiimontal group (receiving instruction using the VSA) 
ami a connul gioup (receivinj: tiiuiitional llieiap\). 

AnuMip olIuT e\jdence ol lj.iuis associaled u iili use of the VSA. Arends ot al. 
( U^il ) obscixod sipnilieanl niipnncnK'ms ui skilK as-MVialeil \\ \\\\ e.Meiuleii use of the 
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device.'' Moreover, these differences between traditional and VSA based training were 
not observed in performance evaluated at the middle of the academic year following a 
more limited use of the VSA. While these results were promising, most of the gains 
observed, like those reported by Boothroyd, et al. (1975) were in isolated and rehearsed 
speech, particularly suprasegmentals. 

The 13M SpeechViewer™' is perhaps one of the most pxjpular commercial devices 
currently available". This device, relying on a microphone signal, offers games and 
activities for facilitating awareness, "skill-building" and patterning of selected speech 
features, including intensity and fundamental frequency control, and vowel contrasting. 
There are also a number of graphic displays that present acoustic parameters against 
time. 

Despite its' popularity in sciiools aucl oliiiies, tiicre is only liiuiied research 
evaluating the clinical efficacy of the SpeechViewer™. One study, conducted by Oster 
(1989), involved teaching two Swedish de<if children to alter consonant duration (Child 
I) and plosive consonant voicing (Child 11) using the device. Gains were observed in 
association with teaching these two skills using the Si">eeciiViewer™. Oster suggested 
that the primary benefit offered by this device derived from its' ability to provide the 
leanier with "objective, meaningful, non-verbal" feedback. 

More recently Pratt, Heintzelman & Deming (1993) explored the etTicacy ot tiie 
IBM SpeechViewer's^'^ Vowel Accmacy Module for the treatment of vou'el production. 
They examined the extent of progress made by six deaf children who used the device 
for a four month period to learn production of the vowels /i/ /a/ and/u/. Tiiey found 
that the device did promote more accinate production, but noted that a number of 
difficulties were encountered, including inaccmacies in the feedback provided by 
certain voice qualities and pitches, inability to suviain the children's interest, and non 
linearity in the criterion adjustment control." 

As noted above, computer-based devices are paiiicuhi'l}' api)ealing because tiiey 
can be used for misupervised sj^eech training. Boothroyd, et al. (i97.S) saw this 
^K)tential nearly 20 years ago, but expressed two concerns: I. a lack of adecpiato jzraded 
drill and practice activities and 2. ilie lendencv Ibi chiiilrcn to develop bad speech 
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habits that are related to skills for which tiie computer does not provide feedback. 
These same concerns continue tcxiay with current technologies. 

Only limited research has examined the use of speecli training devices in the home. 
The Johns Hopkins Speech Training Aid (Mahshie, et al, 1988) was comprised of two 
systems one designed for use in the clin.ic (the Speech Training System or STS), and 
the other designed for use in the home (the Speech Practice System or SPS). The STS 
was comprised of both physiological and acoustical transducers while the SPS used only 
acoustic signals (Ferguson, et al., 1988). 

To evaluate the SPS, it was placed in the homes of five profou'idly deaf children 
for a one to two week period. The children used the device for an average of 8 to 25 
minutes each day, usually under the supervision of a parent or sibling. F^arents kept 
detailed logs of the amount of time their ciiildren used the device, as well as 
observations about interest, ease of operation, and overall reaction to the system. The 
parents reponed that the device was used with interest by tiie children, and that the 
activities and games seemed appropriate. C'iearly the most significant outcomes of this 
preliminary evaluation was the increased practice tlie device permitted outside tiie 
therapy room, hi addition, having the device served as a focal point for speech 
activity. 

An alternate approach to independent drill and practice was employed in the ISTRA 
system (Kewley-Pon, Watson, Maki & Reed, 1987). ISTRA uses a speaker-dependent 
speech recognilion board in which jiioductions are cc)ni!)aied to a stored template, and 
a proximity metric is generated. The de\elopeis sutigesi using (he students best 
production as the standard used to evjihiate accuracy. Tills approach is somewhat 
different from others because analytical work involved in teaching pailicular aniculatory 
patterns is left to the clinician, while enabling the learner to drill and practice 
independent of the teiicher. Thus the targets for speech teaching are syllables, words or 
phrases that the child has produced adequately (at least a lew times). The primary 
virtue is that the system enables the learner to develop automaticity b\ providing 
directed and monitoied feedback that appears xalid and reliable. 

Limited e\alnation of the clinical xalue ot the I.S TRA has been repoiled. in which 
thiee ehildien (2 deal', one nonnal-lieanuji) weie studied dnrinii a series of tutorial 
sessions in wltieli IS'i'RA was used lo niediaie speech diill. The authors concluded that 
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" there is evidence that the ciianges that occurred in production and generalization of 
speech sounds can be directly attributed to the treatment provided and not extraneous 
variables", (p. 36) 

3. Efficacy of physiologically-based CBST devices 

It was suggested above that earlier stages of speech teaching are aimed at providing the 
learner with an awareness of how to control the aniculatory gestures for production of a 
particular speech pattern. It would thus seem that providing direct, physiologically relevant 
feedback would be most optimal for earlier stages of teaching speech skills. Accordingly, 
a number of devices and systems have been developed and evaluated that provide feedback 
obtained from physiological sensors, and tluit provide models and cues about appropriate 
patterns to be achieved. 

The electropalatograpli (EPG) has been used to teacii cenain aspects of aniculation to 
deaf individuals (Fletcher & Hasegawa, 1983; Fletclier et al., 1991). The EPG is a 
computer-based physiological monitoring system iiuit provides visual inrorniation about 
tongue and palate contact during speech. Tlie results of the earliest training study (Fletcher, 
Hasegawa, McCutcheon, and Gillion 1979) showed significant improvement in a deaf 
adult's production of /s J t k/ in conjunction with training using tlie EPG. Two noteworthy 
aspects of the study were that the improvements were also observed in segments not 
actually trained (a cross-over effect) and improvements were maintained for ten months 
following teaching using the device. Fletcher, et al. (1991) further explored the benefit of 
teaching lingual consonants (/t d k g s z J /) to five proroiindiy deaf children (ages 10 to 
16) using electropalatography. Tiiey examined both cliange toward contacting critical 
electrodes (those considered essential for production), and listener-perceived changes in the 
CV syllables. The children were seen twice a week for four weeks, during wliich they 
drilled CV syllables containing the target consonants in /i/ and /a/ contexts. Statistically 
significant improvements following training were observed in the perceived accuracy of 
target segments for all children. Four subjects siiowcd signillcaiit poiccived impioveinents 
in the majority of .segments attempted, wliiie all of iIk- ciiildreii demoiisnated some 
improvement in contact of critical areas of tiii' palatal region for aniculaiioii of the target 
.segmcnis. 
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Fletcher, et al. (1991) noted that the gains associated with EPG use were particularly 
remarkable because the children had not been able to improve production of these segments 
despite significant period of speech therapy during their lives. They concluded that 
physiologically based visual displays can be of benefit. 

It was earlier noted that Retcher et al. (1991) found that the greatest gains were 
observed in students whose productions were grossly different than normal, it would 
appear that the primary benefit of the feedback provided by the EPG (and possibly other 
physiologically-based feedback devices) is in facilitating awareness of articulation. Thus 
these devices are probably most beneficial during earlier stages of speech learning because 
they provide the learner with a generalized pattern of what is to be achieved, and feedback 
about how well they have attained tliat goal. 

The pneumotachograpli 
(PTG) is a somewhat less 
invasive device that provides 
information about articulatory 
gestures (Mahshie, Herbert & 
Hasegawa, 1984). The PTG 
has been used in the laboratory 
to examine oral and nasal 
airflow patterns associated with 
production of various 
segments. Such patterns can 
provide useful information 
about the manner of production 
and voicing categories of 
consonant segments. Since aerodynamic patterns losuh fiom an ensemble of articulatory 
effects, the absolute ailiculatory patterns used (such as the precise phiceinent of the 
articulators) becomes less impoilant than production dI the overall aerod\ iiainic pattern 
required of a particular segment or sequence, it has also been suggested that the 
aerodynamic properties of the vocal tiaci iei)iesei)l simiilkani speech lmwIs (Alihs, 
Visual displays ot aerodynamic targets ami feedbaek umilil ihus seem piMeiiiialh uselul toi 
both practical, and theoretical leasoiis. 
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To examine the clinical value of the PTG, a visual display of the airflow signal was 
used to teach accurate consonant voicing to two deaf adults (Mahshie, Herbert & 
Hasegawa, 1984; Mahshie, 
1987) As shown in Figure 1, 
subject 40 showed more 
normal aerodynamic patterns in 
conjunction with training using 
the PTG (Mahshie, Herbert & 
Hasegawa, 1984). In addition 
(and more importantly), 
listeners perceived notable 
improvements in consonant 
voicing accuracy in conjunction 
with training using the device 

(Mahshie 1987) (See figure - Lislcncr poixcivcil accuracy assdciaicil with training 

° ticscrilx'il in lif>urc 1. 

While results were 

encouraging, the system was not designed for use with young chiidren; nor was it practical 
to replicate the system for use outside of the laboratory. 

A second generation system was subsequently developed. The system is called GUSTES 
(Mahshie & Yadav, 1990) and piovides feedback of aerodynamic and limited kinematic 
speech parameters obtained from oral airflow, nasal airflow, oral air pressure, 
electroglottograph and accelerometer signals. This PC-based system pennits easy selection 
and storage of templates, multiparameter display, and other features that made it more 
optimal for use with children. 

Efficacy of the device was examined through a series of nuiltiple baseline, single 
subject studies involving four profoundly deaf children (Mahshie, Wilson -Favors, Schneider 
& Brandt, 1990). Tlie children, age 1 1;H to I2;5, were taught to produce one or two 
consonant segments that were error productioiiN prior to teaching. The device was used to 
present targets, and to display the acrud)iKiinic patteiUN asstX'iated with each trial. 
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Results showed that the 
children using the training 
system made appreciable gains 
in prcxiuction of the target 
segments in the words tliat 
were trained, and that the skill 
generalized to correct 
production of these segments in 
words not trained, (see figure 
3). The rate of improvement 
varied for diftereiit children 
and for different segments and 
contexts. One of the 
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work was that correct 
production of tiie target segnieius was geiieialized to new words without specific 
generalization teaching for three of tiie tour children. The lemiiiniiig cl'.ild leqmred a brief 
period of teaching about how to use the newly accjuiied ailicuiatory skill before 
generalization was observed. 

Ten weeks following cessation of training with the device three of the children 
demonstrated improved production accuracy for all sound.s/segments trained. The 
remaining child demonstrated improved perfoiinance for only one of the two .sesnienf^ 
trained. 

These limited studies point to the potential iiseUiliiess ot physiologicaily based feedback 
for teaching speech skills to deaf individuals. Both significant improvements and notable 
carry-over have been observed. However, exi.sting devices do not enable the teacher to 
control many of tiie pedagogical features that were di.scussed above. Althougii feedback of 
actual artictilatory patterns is likely beneficial for effectively eliciting production patterns, 
it may not be optimal for all stages of skill learniii-j. Thus iliesi- learning patterns may 
represent mimnuii, tatiuM- than optimal gain- assoeiated uuli sueii leediMck. 
4. IZfficacy of Tactile displays lor spcecli le.icltni'.- 
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The majority of studies examining the impact that tactile devices have on speech 
learning have addressed the long term effects of tactile aid use on children's speech 
production (for example. Proctor and Goldstein, 1983). In most cases, wear-time is for 
circumscribed periods of each day, most often during si.->eech therapy, and the devices are 
used as prostheses for speech reception. For example. Oiler, Eilers, Vergara and La Vole, 
(1986) looked at speech reception and production of 13 hearing impaired children who 
wore multichannel tactile devices (the Teletactor or Oregon Vocorder) for approximately 70 
hours distributed over approximately 200 sessions in a four month period. They found 
gains in speech production and reception associated with tlie pericxi of aid use, although 
there were considerable differences among their subjects. 

Proctor and Goldstein (1983) looked at a Iteariu': impaired cltikl's receptive vocabulary 
acquisition associated with 10 ntontlts of training using a single cliannel vihrotactile aid. 
While the total amount of wear-time was not reixMieci, tlieir findiiigs revealed tliat tlie most 
rapid increase in vocabulary development occurred after 3 to 4 months of aid use. More 
recently Geers (1986) replicated this study with a second hearing impaired child and 
obtained similar results. 

Friel-Patti and Roeser (1983) attempted to look at broader aspects of connnunication 
associated with aid use. They studied 4 children wlio wore a nuiiticliaiuiei device (tlie 
SRA-10 multichannel device) for ai^iMo.ximateiy 10 - II iiours per week over a 3 to 4 
month period. They evaluated various general and structural characteristics of the children's 
signed and spoken commuincation. The researchers concluded that the children exhibited 
improved communication skills during the peritxl the aid was bc\ug used, while there was a 
decrease in these skills during the period the aids were not used. 

Few studies have attempted to compare the use of seii.sory aids to other approaches for 
teaching a particular speech skill. Inherent in sucii comixuisons is tlie need to attend to 
instruction as a significant variable, and iience to address some ()i tlie ix-dagogical issues 
discussed earlier. One such oomparison was initialed ai the Lexineton SchcxVi for the Deat 
in which the relative merit of auditory, visual and tactile feedback of fundamental 
frequency for teiiching fundamental frequency control was examined (McGarr, Youdelman 
& Head, 1989; Youdelman, M;icCeaciuon <^ McGarr. I^;S9. McGaii. Head, 1-riedman, 
Behrman & Youdelman, 1988). A similar curiiculum was used to teaeli lundamental 
fvequcncy c<introl to foui gioups of chiUiieu: .i conuol ;J.ioup uveism;.! u.uiuion.il ilieuii)\. 
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a group receixing auditory only feedback, a group receiving visual feedback from the 
Visipitch^'^ and a group receiving tactile feedback from an 8-channel vibrotactile aid. Tlieir 
findings indicated that the children whose speech lessons included a sensory aid showed 
significantly greater gains than did the children who received traditional therapy. In 
addition, the visual display appeared more effective for teach appropriate average pitch, 
while the tactile display was particularly helpful for teaching dynamic intonation patterns. 
These findings are supported by research by Mahshie, Vari-Alquist & Hilley (1993). 

While tactile aids appear useful for teaching some speech skills, it's clear that there are 
significant questions that remain concerning when they are the most optimal source of 
feedback. Additional research is needed to examine both optimal sensory modalities for 
different tasks, learner attributes that might suggest the merit of one modality over another, 
and the relative value of using combined sensory nuxiahties for teaching various speech 
skills. 



4. General summary and conclusions re. state of tlie an of MM&T for teaching speech to deaf 
children. 

1. Summary of MM&T for teaching speech to deaf and hard-of-hearing children. 
It's been suggested here that sensory information plays a key role in speech 
acquisition by pennitting development of models and enabling after-the-fact feedback to 
mediate speech change. For many deaf children, reliance on limited audition as the 
primary source of feedback may be inadet|uaie, and alternate sensory infomiation may 
need to be provided. 

Certainly studies examining the overall efficacy of existing devices suggest that their 
use docs contribute to speech in-.provemenis. However, only limited comparative 
studies of intervention using CBST devices and more traditional approaches to speed, 
improvement have been conducted. The question thus remains as to whether devices 
are an improvement over more traditional approaches for speech improvement. 

In addition to providing the learner with inlonnation about his/her own speech, it is 
also important to consider the way in which ilio sonst)r> intorMKiiit)M is used in speech 
teaching. Cuiieiit devices permit teaching ol ;i somewhat limited range of skills and 
offer clinicians less than optimal control of important cue and feedback parameters. 
'Hiere is thus ;i less than optimal match between the iMnctionalit y r)f devices in 
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development or in the market place, and sound speech teaching principles. Tliese 
deficiencies need to be addressed in subsequent devices. 

While consideration of pedagogical factors is needed, devices as they currently 
exist can clearly help speech teaching. As noted earlier, the^e is a trend in many 
schools and programs in the U.S. toward reduced resources directed at speech 
development. Reduced time available for speech development activities requires that 
speech teaching be as efficient as possible. A panicular promising aspect of CBST 
devices is their pote.itial use for independent drill and practice. As devices become 
more reliable and easier to use, they can prove useful as extensions of speech teaching 
classes. 

While home use continues to be an imponant aim of these devices, consideration of 
the inherent limits of computer-based feedback nu.st. be considered and s.>feguards taken 
to limit development of inappropriate speech behaviors resulting from extensive drill 
and practice of incorrect patterns not monitored by the device. 

The efficacy of tactile sensory devices for teaching prosodic speech skills has been 
studied, and the results suggest that such displays can be most beneficial for teaching 
certain dynamic aspects of speech production (such as production of intonation 
patterns). An additional benef.t of tactile devices resides in their ability to be worn, 
and thus to serve as a prosthesis or outside of therapy room aid to speech monitoring. 
As additional wearable devices are developed, this aspect of their use needs to be 
examined considered and examined. 
2. Status, Suggestions and guidelines for future developn.en. and evaluation of MM&T. 

This synthesis has descril^d a number of factors inherent in teaching speech skills to 
deaf children, and has exanuned various N4N4&T that have been developed to facilitate 
speech learning. Given below are a series of staten.ents that characterize the current "state 
of the an" of speech teaching tor deaf and hard-of-hearing children. Following each status 
statement is a suggestion for addressing perceived needs. 

Status slaten.ent I: The existing speech teaching nuxiel used n,os, extensively (Ling, 
1970) has valno but has not boon well evaluated o, tipdatecl to inchide ctufent 
understaiuliug of speech dovelo|imcut. 
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Suggestionr The existing curricular texts, media, and supportive materials need revision to 
incorporate our current understanding of normal si^eech acquisition and speech learning by 
deaf children. 

Status statement 2: The current, documented approaches to speech teaching make certain 
assumptions about the setting, amount of effort to be put forth for speech teaching, etc. 
While there are other approaches (and modifications of the Ling approach) employed in 
different settings, they are not well dociuTiented. 

Suggestion: Alternative or modified approaches to speech teaching, panicularly those that 
are based on more synthetic, top-down, language-based teaching strategies, need to be 
described and curriculum based on such strategies developed. 

Status statement 3: Existing devices are primarily developed to provide a visual (or tactile) 
display of speech or a speech parameter (such as the degree of contact between the tongue 
and roof of the mouth). Yet tliere are a number of instructional parameters thai clinicians 
normally manipulate in teaching speech (such as the nature of cues or timing of feedback) 
that are either not available, or are limited, in current lecimoiogies. A major premise of 
this synthesis has been that devices should permit clinicians to continue to adapt the 
important parameters of speech teaching to the changing level of mastery of the student. 
Device use should not result in suspension of concern about these normally important 
issues. 

Suggestion: Control of various pedagogical parameters need to be built into future devices 
(see 4,5,6 and 7 for specific suggestions). 

Status statement 4: Current technologies focus primarily on earlier leaching goals 
(suprasegmentals and vowel production) or on earlier levels of skill leacliing, (elicitaiion, 
automation, and some degree of generalization). Little exists that is aimed at facilitating 
production of consonants, or promoting linguistic use. This is somewhat at odds with the 
needs of speech instruction mcxlels in which the primary focus of speech work is language- 
based. 

Suggestion: Speech teaching devices are needed thai focus on ccmsonani iiroduciion, and 
facilitation of linguistic use.- 

Status statement 5: While the dogroo of cue giadnig possibk- w iili a clo\ ice liki'l\ has a 
significant impact on the eventual carryover of skills t;iughi, ili'\ ices ;ue oMremeh liiniied 
in the amount of cue guiding possible. 
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Suggestion: Greater flexibility in presentation of cues is needed for existing and future 
systems. 

Status statement 6: While provision of feedback is the primary feature of many devices, 
there are considerable limitations concerning »he timing and nature of feedback provided by 
any one device. 

Suggestion: Greater flexibility in controlling feedback parameters is needed for existing and 
future systems. 

Status statement 7: The use of tactile feedback has been demonstrated to be useful, but 
it's not clear for which skills it is most beneficial. 

Suggestion: Basic, formative evaluations of these devices are needed to establish speech 
skill areas for which such feedback is best suited. 

Status statement 8: The value of different kinds of feedback (knowledge of performance 
or knowledge of results) has bee", shown to be significant for other kinds of motor learning. 
The role that the kind of feedback provided to the learner lias on speech learning has not 
been adequately evaluated. 

Suggestion: Basic research on the value of different forms of feedback is needed, and the 
findings of such research needs to be incorptirated in devices. 

Status statement 9: Despite the obvious imponance of evaluative research, there are only 
limited studies examining the most commonly used conunercially-available devices. In 
particular, studies of the clinical efficacy of these devices are needed. 
Suggestion: Efficacy studies need to be conducted and reported on existing devices. 
Status statement 10: No single device currently available appears to luive optimal features 
for speech teaching. However, existing efficacy studies are typically device based rather 
than student based. That is, the efficucy of an optimal program of instruction usiiig 
combinations of existing technologies has not yr\ been evaluated. 

Suggestion: Efficacy studies that are child-cemered rather than device-centered are needed 
to establish the real effectiveness of existing technologies. 

Status statement 11: While limited research suggests that tactile feedback may be more 
beneficial for learning some speech skills, and visual feedback more hcnencial for learning 
other skills, there is a significa.nt lack of undcMManilini: of wliicli skilN can Iv best laiiyht 
through which form iif feedback. 
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Endnotes 



1. While recognizing the important role that language plsiys in this process, the discussion 
here will focus on the more limited area of s{.)eech development. 

2 . Even with this d'..gree of focus and effon, not every cliild enrolled in an oral educational 
program will develop intelligible si>eecii 

3 . It will later be suggested that tiiere are few resources available for more top-down 
approaches to teaching speech, and that there is a need to examine the efficacy of such 
instruction in terms of its impact on language development, and speech learning. 

4. No existing system is able to provide simple aiici easiiv inierineleci feedbacl< during 
connected speed;. 

5. Clinicians often vary feedbacl< liming by inanipuhiiiiis: (lie display scieei!--turning ilie 
screen away from tlie student or asking the child to close his/her eyes is often the easiest way 
of controlling he delay between the production and presentation of feedback. 

6. It will later be pointed out that an imponaiii consideration in comparing computer-based 
and conventional speech leaching procedures is that instruc.ion be developed that pemiits 
comparison by being able to be implemented using hoili ai^iiroaclies. This was not addressed 
in this study. 

7 . Wliile the most recent version of lliis device is the SiH-eciiViowor ir*^, to the author's 
knowledge there is no published research on its efficacy. 

8. Sales figures for the SpeechViewer are unavailable from IBM. 

9. This study was conducted using the piedecessoi of ilie curreir., IBM SpeechViewer II™ 
device. The current system may have addressed sonic ot iIk- difficulties eiicounleied in this 
study (for example, more varied activities are available liuii mighi inainlain children's 
interest). 
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